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ABSTRACT
Tfybrid m a te r ia l from a c ro ss  between C olusa (a japon ica  ty p e) and 
N ira  (an in d ic a  type) was u t i l i z e d  in  a  stucfy o f th e  in h e rita n c e  of r e ­
s is ta n c e  to  each of th e  3 U.S. ra c e s  of th e  r i c e  b la s t  fungus, P i r i c u l a r i a  
oryzae Cav.
The p a re n ts , Fg and F j p o p u la tio n s  were te s te d  during th e  F a l l  of 
I 9 6 3 . The p la n ts  were grown in  f l a t s  in  th e  greenhouse and were inocu­
la te d  a t  th e  second le a f  s tage  w ith  a c o n id ia l  suspension . The fungus 
ra c e s  were grown in  p e t r i  d ish es on a r i c e  p o lish -a g a r  medium. The inoc­
u la t io n  was p ra c tic e d  in s id e  a h igh  hum idity  chamber.
F ive of 6 check v a r i e t i e s  included in  th e  t e s t s  behaved a s  expected 
from p rev io u s r e p o r t s .  I t  was concluded th a t  th e  techn ique  used was r e ­
l ia b le  fo r  a  stucfy of re a c t io n  in  hybrid  p o p u la tio n s .
In  r e a c t io n  to  ra c e  1, th e  C olusa p a ren t was r e s i s t a n t  and N ira 
was s u s c e p tib le .  Data from 351 Fg P ia rits  311(1 212 l in e s  provided strong  
evidence of se g reg a tio n  fo r  one major p a ir  of genes c o n tro l l in g  re a c t io n  
to  ra c e  1, w ith  dominance f a r  r e s i s ta n c e .  However th e re  were in d ic a tio n s  
t h a t  ex p ress io n  o f t h i s  gene was a f fe c te d  s l ig h t ly  by one or mare minor 
genes.
In  reg a rd  to  rac e  6 , Colusa was su s c e p tib le  and N ira  was r e s i s t a n t .  
R e su lts  ob tained  from 336 Fg p la n ts  and 156 F j l in e s  in d ic a te d  th a t  the  
p a re n ts  a ls o  d if fe re d  in  one major gene fo r  r e a c t io n  to  ra c e  6 , w ith  r e ­
s is ta n c e  dom inant. The degree of ex p ress io n  shown by th e  gene fo r  r e s i s t ­




As ex p ec ted , C o lu sa  was s u s c e p t ib le  and N ira  was r e s i s t a n t  to  
ra c e  2 . Due t o  la te n e s s  o f th e  t e s t s ,  th e  F2 r e s u l t s  were in c o n c lu s iv e . 
The 103 F-j l in e s  t e s te d  fo r  r e a c t io n  to  ra c e  2 gave r e s u l t s  w ith  2 
p o s s ib le  g e n e tic  e x p la n a tio n s :  ( 1 ) t h a t  th e  p a re n ts  d i f f e r e d  by one m ajor
p a i r  o f genes w ith  dominance o f r e s i s t a n c e  or (2) t h a t  N ira  d i f f e r e d  from 
C o lusa  by 2 genes fo r  r e s i s t a n c e ,  one dom inant and th e  o th e r  r e c e s s iv e .
T here was s tro n g , though n o t s t a t i s t i c a l l y  s i g n i f i c a n t ,  ev idence  
th a t  r e a c t io n  to  r a c e s  1 and 6  and a ls o  to  1 and 2 d id  no t undergo inde­
pendent s e g re g a tio n . Hew e v e r , th e  d e v ia tio n s  observed cou ld  n o t be 
accounted  fo r  by a l l e l i s m ,  lin k ag e  or any o th e r  c o n v e n tio n a l g e n e tic  
scheme. R aces 2 and 6  were c l e a r l y  independent o f one an o th e r in  se g re ­
g a t io n .  I t  was obvious t h a t  s e p a ra te  genes in  N ira  c o n tro l  r e s i s t a n c e  to  
th e s e  2 r a c e s .  L ines homozygous r e s i s t a n t  to  r a c e s  1 , 6  and 2 occurred  
and th e  r e s u l t s  showed th a t  no d i f f i c u l t y  shou ld  be encoun tered  in  com­
b in in g  r e s i s t a n c e  t o  th e se  r a c e s  in  a  b re e d in g  program .
The r e s u l t s  in d ic a te d  t h a t  i t  would be p o s s ib le  to  combine r e ­
s is ta n c e  t o  a l l  3 r a c e s  o f b l a s t  in  a  b reed in g  program  by c ro s s in g  C olusa 
and N ira . However, many o f th e  homozygous r e s i s t a n t  l in e s  o b ta in ed  may 
n o t be as r e s i s t a n t  a s  th e  p a re n ts  due to  m o d if ie r  g enes.
INTRODUCTION
P i r l c u l a r  i a  o ry zae  C a v ., i s  th e  fungus r e s p o n s ib le  f o r  th e  r i c e  
d is e a s e  commonly known a s  b l a s t .  I n  1591 C avara  (77) d e sc r ib e d  th e  fu n g u s 
P . o ryzae  a s  th e  cau se  o f b ru so n e , an o th e r name fo r  b l a s t .
The d is e a s e  h a s  been  known f o r  many y e a r s  and h as been  r e f e r r e d  
to  under d i f f e r e n t  nam es, such a s  th e  two m entioned  above, and a ls o  a s  
r o t te n - n e c k ,  quem aidura and t iz o n  o r anub lo  of r i c e  in  B r a z i l ,  f a l l a  in  
S p a in , i n o t s i  and inoch ibyo  in  Japan , tie m  or t im  in  C och in -C h ina , p e rh a p s  
m entek in  Ja v a , ch a lg u n  in  B u lg a r ia  and quemado in  A rg e n tin a . I t  h a s  
a l s o  been  c a l le d  b i a n c h e l l a ,  mal d i  nodo, c a r o le  and f le c k e n k r a n k h e i t .
B la s t  o ccu rs  in  ev ery  re g io n  o f th e  w orld  w here r i c e  i s  grown.
I t  has been  re p o r te d  from  I n d ia ,  Japan , The P h i l ip p in e s ,  C eylon , M alaya, 
C h in a , and Taiwan in  -u sia ; from  th e  U .S .A ., C olom bia, V en ezu e la , B r a z i l ,  
A rg e n tin a , B r i t i s h  G uiana and C o sta  R ica  in  th e  W estern  H em isphere; from  
I t a l y ,  F ra n c e , S p a in , B u lg a r ia ,  C z ec h o s lo v ak ia , Rum ania, H ungary, P o r tu g a l  
and U .S .S .R . in  E urope; from  West A f r ic a  and Hew South W ales. In  th e  
U .S .A . th e  d is e a s e  h as been re p o r te d  in  A rk an sas , F lo r id a ,  M is s i s s ip p i ,  
T exas and L o u is ia n a . T h is  i s  a  c le a r  in d ic a t io n  o f how w id esp read  th e  
b l a s t  d is e a s e  i s .
B la s t  i s  caused  by a  v i r u l e n t  f a c u l t a t i v e  p a r a s i t e ,  P . o ry z a e , 
t h a t  can be e a s i l y  sp re ad  by th e  wind o r in tro d u c e d  w ith  th e  s e e d . I t  
h a s  a ls o  been  found on many d i f f e r e n t  h o s t s ,  such a s  b a r le y ,  c o rn , r y e ,  
w heat and su g a r -c a n e , a s  w e l l  a s  on many o th e r  g r a s s e s ,  m ain ly  E le u s in e  
s p . ,  D i g i t a r i a  s p . , P an ic  urn s p . , S e t a r i a  s p . ,  Ar undo donax L . , E ch in o ch lo a
2colonum and B ra c h a r ia  m u tic a .
The symptoms a p p ea r on v a r io u s  p a r t s  o f  th e  p l a n t .  Young p l a n t s  
d ev e lo p  f i r s t  v e ry  sm a ll  d a rk -b lu e  f l e c k s  on th e  le a v e s  a n d /o r  s h e a th s ,  
w hich tu r n  to  brown s p o t s .  As th e  s p o ts  in c r e a s e  in  s i z e ,  th e y  d ev e lo p  
an a s h y -g re y  c e n te r  and f i n a l l y  c o a le s c e  u n t i l  w hole le a v e s  in v o lv e d  a r e  
s h r i v e l l e d  and d ry  Mp; o ld e r  r i c e  p l a n t s  may n o t  be d e s tro y e d  in  t h i s  
w ay. The upper n o d a l a r e a s  o f th e  stem  a re  a l s o  s u b je c t  t o  a t t a c k ,  
s p e c i a l l y  th e  n e ck  w here th e  stem  becom es th e  a x i s  o f  th e  p a n ic l e .  The 
e f f e c t s  v a ry ,  depending  upon how s e v e re ly  th e  in d iv id u a l  p l a n t s  a r e  a f ­
f e c t e d .  The d i s e a s e  may o n ly  weaken th e  p l a n t  o r may re n d e r  w hole p a n ic le s  
s t e r i l e .
The s e v e r i t y  of b l a s t  on r i c e  h a s  b een  r e p o r te d  a s  b e in g  i n f l u ­
enced by s e v e r a l  f a c t o r s .  T hese in c lu d e  e x c e s s  o f  n i t r o g e n  f e r t i l i z e r ,  
h ig h  r e l a t i v e  h u m id ity , te m p e ra tu re  and o th e r s .
P . o ry zae  i s  th e  name m ost commonly a c c e p te d  f o r  th e  fungus c a u s ­
ing b l a s t ,  w hich  b e lo n g s  to  th e  F ung i I m p e r f e c t i ,  F am ily  M o n il ia c e a e -  
P h ragm ospo rae . M o rp h o lo g ic a lly , i t  i s  i d e n t i c a l  t o  p ,  g r i s e a  (Cke) S a c c . ,  
and i s  re g a rd e d  by  some r e s e a r c h e r s  a s  a  s p e c ia l i z e d  r a c e  o f  P . g r i s e a .
The c o n id io p h o re s  a re  s im p le , r a r e l y  b ra n c h e d , g r a y i s h ,  s e p t a t e  and 
s l e n d e r .  C o n id ia  (22-22; x 10-12/f) a re  b o rn e  t e r m in a l ly .  They a r c  o v a te , 
2 - s e p t a t e .  When m a tu re , th e  ape;; i s  p o in te d  t o  b lu n t  depend ing  upon th e  
r a c e .  When c o n id ia  g e rm in a te , a p p r e s s o r ia  a r e  g e n e r a l l y  p roduced  a t  th e  
apex  o f  th e  germ tu b e s .  The germ tu b e s  and a p p r e s s o r ia  e n te r  th e  h o s t  
th ro u g h  th e  s to m a ta  and e p id e rm a l c e l l s .
In  1908, F u l to n  d e s c r ib e d  fo u r  d i s e a s e s  o f  r i c e  in  L o u is ia n a , 
w hich  he  c o n s id e re d  a s  s e v e re .  Among them  was b l a s t ,  b l i g h t ,  o r  r o t t e n -  
n e c k .
3B la s t  h a s  been a s e r io u s  problem  to  r i c e  grow ers in  Taiwan, 
ca u s in g  an a n n u a l lo s s  e s t im a te d  a t  n e t  l e s s  th a n  5% o f th e  p ro d u c tio n .
I t  a ls o  h a s  been re p o r te d  t h a t  r e s i s t a n c e  to  b l a s t  i s  th e  p rim a ry  aim
in  r i c e  b re e d in g  t h e r e .  Under fa v o ra b le  c o n d it io n s  lo s s e s  a s  h ig h  a s  U3%
of g ra in  y ie ld  have been r e p o r te d  in  C u tta c k , I n d ia ,  and even t o t a l  lo s s
in  o th e r  r e g io n s  o f  t h a t  c o u n try .
An o u tb re a k  of b l a s t  o ccu rred  d u rin g  1955 in  th e  U .S .A .. The 
d is e a s e  caused  an e s tim a te d  20% d e f o l i a t i o n  in  some f i e l d s  and may have 
reduced  y ie ld s  a s  much a s  25%. The d is e a s e  h as  become in c r e a s in g ly  
s e r io u s  s in c e  t h a t  d a te  and th e  n e c e s s i ty  o f an  e f f e c t i v e ,  long  l a s t i n g  
and econom ical way to  c o n tr o l  i t  can e a s i l y  be a p p re c ia te d .  B reed ing  
ap p ea rs  t o  be th e  most lo g ic a l  way t o  a c h ie v e  c o n t r o l .  T h e re fo re , i t  i s  
im p o rtan t t o  b reed  f o r  b l a s t  r e s i s t a n c e  in  r i c e  v a r i e t i e s .
However, th e  p re se n c e  o f s e v e r a l  p h y s io lo g ic a l  r a c e s  in  th e  
U .S .A . was d e f i n i t i v e l y  e s ta b l i s h e d  in  1953; h en ce , i t  h as  become o f s i g ­
n i f ic a n c e  to  s tu d y  th e  in h e r i ta n c e  of r e a c t io n  o f  r i c e  v a r i e t i e s  to  each 
one o f th e  d i f f e r e n t  p h y s io lo g ic a l  r a c e s .  S ources o f  r e s i s t a n c e  t o  each  
one o f th e  10 p h y s io lo g ic a l  r a c e s  p re s e n t  in  U .S.A . a r e  a v a i l a b l e ,  ac ­
c o rd in g  to  A tk in s , e t  a l .  .(1 U ). But v e ry  l i t t l e  in fo rm a tio n  i s  a v a i la b le  
a t  p r e s e n t  on in h e r i ta n c e  o f  r e s i s t a n c e  t o  th e  in d iv id u a l  b l a s t  r a c e s .
Such knowledge i s  e s s e n t i a l  in  th e  b re e d in g  o f r e s i s t a n t  v a r i e t i e s .  T h ere ­
fo re  s tu d ie s  on t h i s  a s p e c t  a re  o f u rg en t need and o f  g r e a t  im portance 
f o r  r i c e  b r e e d e r s .
The p r e s e n t  s tu d y  was conducted  to  observe  th e  g e n e t ic  b eh av io u r 
o f r e s i s t a n c e  to  U .S . p h y s io lo g ic  r a c e s  1, 2 and 6 o f  b l a s t  in  a  c ro s s  
in v o lv in g  th e  v a r i e t i e s  C o lu sa  and N ira .  The s tu d y  was made w ith  th e  
p a r e n t s ,  Fg and l i n e s .  C o lusa  i s  r e s i s t a n t  to  r a c e  1 and s u s c e p t ib le
to  r a c e s  2 and 6 . N ira  i s  r e s i s t a n t  to  r a c e s  2 and b and s u s c e p t ib le  to  
ra c e  1. A ttem p ts w ere made to  s tu d y  th e  in h e r i ta n c e  o f r e s i s t a n c e  tc  
each r a c e  s e p a r a te ly  and t o  d e te rm in e  w hether r e a c t io n  t o  th e  th r e e  r a c e s  
i s  c o n tr o l le d  by  th e  same gene or d i f f e r e n t  g en es. R aces 1 and 6  a re  two 
o f th e  most common r a c e s  found in  th e  U .S .A .
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1 . S tu d ie s  on P h y s io lo g ic a l  R aces o f P . o ryzae
W alker (103) w ro te  in  h i s  te x tb o o k  on p la n t  p a th o lo g y  th a t*  "The 
f i r s t  c l e a r  e v id e n ce  t h a t  th e r e  e x i s t ,  w i th in  a  g iv e n  m orpho log ic  s p e c ie s  
of m ic ro o rg an ism , s t r a i n s  w hich a i f f e r  in  p a th o g e n ic i ty  was t h a t  p re s e n te d  
by E r ik s s o n  in  a  s e r i e s  o f p a p e rs  on P u c c in ia  g ra m in ls  P e r s . ,  and o th e r  
r u s t s  in  th e  e a r l y  n i n e t i e s .  He showed, f i r s t  w ith  b la c k  stem  r u s t ,  t h a t  
th e  o rgan ism  c o l l e c t e d  from  w heat d id  n o t in f e c t  r y e ,  o a ts  and c e r t a i n
o th e r  h o s t s ,  w h ile  c o l l e c t i o n s  from  o th e r  h o s t  p l a n t s  showed o th e r  ra n g e s
o f p a th o g e n ic i ty .  T hese  s o - c a l le d  s t r a i n s  w ere p r a c t i c a l l y  i d e n t i c a l  in  
m orphology and in f e c te d  th e  same a l t e r n a t e  h o s t ,  b u t  th e y  d i f f e r e d  in  
t h e i r  p h y s io lo g ic a l  c h a r a c t e r s  a s  e x p re sse d  in  t h e i r  s p e c i f i c  p a th o g e n ic
6p r o p e r t i e s ."
In  June 196j, Goto (31) r e p o r te a  a t  th e  Symposium on th e  R ice 
B la s t D isease  a t  th e  I n te r n a t io n a l  R ice  R esearch  I n s t i t u t e ,  The P h i l i p ­
p in e s , t h a t  th e  " s tu a y  o f th e  r a c e s  of r i c e  b l a s t  fungus was f i r s t  
c a r r ie d  ou t by R . S asak i ( in  1922-23), who had been working in  Ehime p re ­
f e c tu re  (Jap an ) on b reed in g  of r i c e  v a r i e t i e s  r e s i s t a n t  to  b l a s t .  He 
a s c e r ta in e d  th a t  some v a r i e t i e s  r e s i s t a n t  to  s t r a i n  A o f b l a s t  fungus a re  
invaded se v e re ly  by an o th e r s t r a i n  B which was is o la te d  from d i f f e r e n t  
so u rces  o f h i s  m a te r ia ls .  He in fe r re d  t h i s  was a phenomenon s im ila r  to  
th e  d i f f e r e n t i a t i o n  o f p a th o g e n ic ity  in  r u s t  fungus of wheat no ted  by 
E rik sso n . S asak i f u r th e r  th a t  th e  B s t r a i n  i s  d i s t r ib u te d  more f r e q u e n tly  
among th e  paddy f i e l d s  in  m ountainous a re a s ,  w h ile  i t  i s  r a r e  in  lower 
p l a i n s ,  where s t r a in  a  i s  p r e v a le n t .  He a ls o  found th a t  s t r a i n  B i s  
s tro n g ly  p a th o g en ic  to  th e  m a jo r ity  o f s o -c a l le d  r e s i s t a n t  v a r i e t i e s ,  ex­
c ep t fo r  bensho which was c o l le c te d  from  T ochig i p r e f e c tu r e ,  and G aisen- 
mochi from Ktsoamoto p r e f e c tu r e ,  bo th  b e in g  v a r i e t i e s  o f upland r i c e . "
Among 7 i s o l a t e s  o f P .oryzae from  3 r i c e  growing a re a s  o f th e  
U nited S ta te s ,  L a t te r  e l l ,  et^ « l / , ( b 2 )  in  l?p h , d is t in g u is h e d  2 p h y sio ­
lo g ic a l  r a c e s  on th e  b a s is  o f t h e i r  d i f f e r e n t i a l  p a th o g e n ic i ty  t o  c e r t a in  
v a r i e t i e s  o l r i c e .  The r a c e s  cou ld  be se p a ra te d  on th e  b a s is  o f r e a c t io n  
o f th e  v a r i e t i e s  Z e n ith  and C a lo ro , Z e n ith  being  s e v e re ly  a tta c k e d  by th e  
i s o l a t e  from  F lo r id a  b u t immune from a t t a c k  by i s o l a t e s  from A rkansas 
and L o u is ia n a . C a lo ro  showed th e  o p p o s ite  r e a c t io n .  D i f f e r e n t i a l  r e a c ­
t io n  betw een th e  2 ra c e s  w ere a ls o  observed on o th e r  v a r i e t i e s  o f r i c e .  
Two v a r i e t i e s ,  L acrosse  and C . I .  No. 6970, were found to  be impure by 
in o c u la t io n  w ith  th e  F lo r id a  s t r a i n .
A ccording to  Ou (7 0 ) , and Chang (1 9 ) , s tu d ie s  on p h y s io lo g ic a l
7r a c e s  were s t a r te d  In  Taiwan in  1957 and a g r e a t  d e a l o f d i f f e r e n c e  in  
r e s i s t a n c e  w ith  re s p e c t  to  v a r i e ty ,  l o c a l i t y  and y ear was fo u n d . Then, 
in  193S, Ou and Lin (73) re p o r te d  th e  n e c e s s i ty  of d e ta i le d  s tu d ie s  on 
th e  cause of v a r i a t io n  in  b l a s t  r e s i s t a n c e ,  such as th e  p re sen c e  o f 
p ty s io lo g ic a l  s t r a i n s  o f  th e  fu n g u s, e f f e c t  o f en v iro n m en ta l f a c to r s  and 
mechanism of r e s i s t a n c e .
P e i r i s  and Narks (79) in  1958, in d ic a te d  th e  p o s s i b i l i t y  of 
p h y s io lo g ic a l  ra c e s  in  Ceylon and m entioned th e  n e c e s s i ty  of s tu d ie s  t o  
de term ine  t h i s  in  a  d e f i n i t e  way.
A lso  in  1956, acco rd in g  to  A tk in s (11) "a v a r ie ty  t h a t  ap p ea rs  
to  be r e s i s t a n t  to  th e  b l a s t  fungus i s  som etim es found n o t to  r e s i s t  a l l  
i t s  d i f f e r e n t  r a c e s ."
I t  was re p o r te d  by K u lk a rn i, e t  a l . ,  (U9) in  1959, t h a t  3 r a c e s  
of P .oryzae had been id e n t i f i e d  a t  Poona A g r ic u l tu r a l  C o lleg e  in  I n d ia .
Ancalmo and Lopez (5 )  s t a te d  in  i 960 ,  t h a t  an e p ip h y to t ic  o f 
P . oryzae o ccu rred  in  th e  r i c e  growing a re a s  of £1 S a lv ad o r, cau sin g  
sev e re  lo s s e s  in  p la n t in g s  o f G u lfro se  ( C .I .  9U1 6 ), a  v a r i e ty  l i s t e d  a s  
r e s i s t a n t .  They concluded t h a t  t h i s  was a p o s i t iv e  in d ic a t io n  of p h y s io ­
lo g ic a l  r a c e s  o f P .o ry z a e .
In  I960, L a t t e r e l l ,  e t  a l . ,  (53 ) r e p o r te d  th a t  15 p h y s io lo g ic  
r a c e s  o f P .o ry za e  had been o b ta in ed  from  165 i s o l a t e s  from r i c e  growing 
a re a s  in  A m erica, Europe and A s ia . These ra c e s  were c h a ra c te r iz e d  by 
th e  r e a c t io n  on 10 r i c e  v a r i e t i e s .  They re p o r te d  th e  fo llo w in g  d i s t r i b u ­
t io n  fo r  th e  r a c e s  o f P .o ry z a e : in  th e  U .S.A . ra c e  2 was found in
A rk an sas, r a c e s  2 , L and 7 in  L o u is ia n a , r a c e s  1 and 7 in  F lo r id a  and 
ra c e  8 in  T exas; in  Mexico and N icaragua r a c e s  1 , 3 , h ,  6 , 8 and 12; in  
C osta  R ica  ra c e s  1, 3 , U, 5 , 6 ,  7 , 12 and 13; in  Guatem ala and E ta z i l
ra c e  2 and in  V enezuela race  1; in  I t a l y  and Greece r a c e s ,  3 , 6 and 7; 
in  c o u n tr ie s  of A sia  race*  2 , 3 , U, 5 , 6 , 7 , 8 , 9 , 10, 11, il* and 15.
They a ls o  re p o rte d  ( lo c .  c i t . )  th a t  th e  r e s u l t s  o f t h i s  study  
provided  co n c lu siv e  evidence fo r  th e  e x is te n c e  of p h y s io lo g ic  ra c e s  of 
P .o ryzae , c h a ra c te r iz e d  on th e  b a s is  of t h e i r  a b i l i t y  to  a t ta c k  r i c e  va - 
r i t i e s  d i f f e r e n t i a l l y .  A lso , i t  was no ted  th a t  th e  r a c e s  id e n t i f ie d  
should perhaps more c o r r e c t ly  be c a l le d  " ra c e  g roups” , fo r  th e  ra c e s  could  
by in c re a s in g  th e  number o f r i c e  v a r i e t i e s  used a s  d i f f e r e n t i a l s ,  be f u r ­
th e r  d iv id ed  in to  b io ty p e s . They a ls o  observed th a t  c u l tu r a l  m u ta tions 
were q u ite  common on s to c k  c u l tu r e s  o f P .o ry zae . In c re a se  in  v iru le n c e  
was found in  some of th e  m utan ts and lo s s  of v iru le n c e  occurred  in  o th e r s .
I t  was re p o rte d  by Chang (20) in  1962, th a t  du ring  th e  f i r s t  
crop o f I960 in  Taiwan, heavy in fe c tio n  of a  fo rm erly  b l a s t  r e s i s t a n t  
v a r i e ty ,  Chianung 21*2, occurred  in  1 n u rse ry  bu t no t in  5 o th e r  n u r s e r ie s  
in  d i f f e r e n t  l o c a l i t i e s .  A c lo s e  exam ination  of le s io n  ty p es  showed a 
m ix ture  o f r e s i s t a n t  and s u s c e p tib le  type on th e  same le a f  in  th e  lo c a l i t y  
where th e  Chianung 2k2 v a r ie ty  was found s u s c e p t ib le .  L ater in  1961 
s im ila r  r e s u l t s  were observed on th e  Taichung v a r i e t i e s  Nos. 161, 182 and 
I 6 3 . A p re lim in a ry  study  o f 56 m onoconidial i s o la t e s  on 16 d i f f e r e n t i a l  
v a r i e t i e s  o f r i c e  suggested  t h e i r  d iv ls ib n  in to  7 major pa thogen ic  groiqps.
A tk ins (12) in  1962, added a new r a c e ,  No. 16, to  th e  l i s t  of
U .S . id e n t i f ie d  ra c e s  and shewed th e  fo llo w in g  d i s t r ib u t io n  fo r  th e  16 
ra c e s  in  th e  U nited S ta te s*  A rkansas r a c e s  2 , 3 , 5 , 6 and 16; Texas ra c e s
3, 6 , 8 and 16; L ou isiana  r a c e s  1, 2 , 3 , U, 5 , 6 , 7 , 8 , 10 and 16. Accord
ing to  A tk in s , ra c e  6 was th e  most p re v a le n t ,  pe rhaps due to  th e  la rg e  
acreage  of s u s c e p tib le  N ato. The new ra c e  16 d if f e r e d  from  ra c e  6 in  
being  pathogen ic  to  P . I .  180061 and P . I .  201902 among th e  d i f f e r e n t i a l
9v a r i e t i e s .  I t  was a ls o  re p o r te d  by A tk in s t h a t  so u rces of r e s i s ta n c e  to  
each o f th e  U .S . ra c e s  had been found among c u l t iv a te d  v a r i e t i e s .
In  June, 1963, a t  th e  Symposium on th e  R ice  B la s t D isease  a t  
th e  I n te rn a t io n a l  R ice R esearch  I n s t i t u t e ,  The P h i l ip p in e s ,  Takahashi (97) 
s ta te d  t h a t  in  19$h, Goto and h i s  c o l la b o ra to r s  s ta r te d  s tu d ie s  on r a c i a l  
d i f f e r e n t i a t i o n  in  P .oryzae and th a t  th ey  had d e te c te d  a number of races 
d i f f e r in g  from each o th e r w ith  re s p e c t  to  pa thogen ic  r e a c t io n  on d i f f e r e n t  
genotypes o f r i c e .
At th e  same Symposium, Goto (31) informed th a t  th e  p h y s io lo g ic  
ra c e s  o f P .oryzae in  Japan were c l a s s i f i e d  in to  3 major groups by using  
a  s e t  o f 12 d i f f e r e n t i a l  v a r i e t i e s .  Among th e s e  groups th e  IA Japanese 
ra c e s  were d is t r ib u te d  in  th e  fo llo w in g  manner* 6 ra c e s  in  th e  V group 
pathogen ic  only  to  th e  V group (Jap an ese ) o f d i f f e r e n t i a l  v a r i e t i e s ,  6 
ra c e s  in  th e  C groqp pa thogen ic  to  th e  C group (C hinese) d i f f e r e n t i a l  va­
r i e t i e s ,  b u t n o t t o  th e  T group o f d i f f e r e n t i a l  v a r i e t i e s  and 2 ra c e s  in  
th e  T group pa thogen ic  to  th e  T group (Burma and P h il ip p in e s )  of d i f ­
f e r e n t i a l  v a r i e t i e s .  The ra c e s  were numbered to  t h e i r  o rder of de te rm ina­
t io n  w ith in  each group.
A lso a t  th e  S^mposiun on R ice B la s t D isease , a t  th e  I n te rn a t io n a l  
R ice  R esearch  I n s t i t u t e ,  The P h i l ip p in e s ,  in  June 1963, C hiu , e t  a l . ,  (21) 
rep o rte d  t h a t  th e  16 d i f f e r e n t i a l  v a r i e t i e s  used in  Taiwan were s e le c te d  
by H. C. Li in  1957. These v a r i e t i e s  re p re se n te d  11 v a r i e t i e s  o f jap o n ica  
ty p e  and 5 o f in d ic a  ty p e . They s ta te d  t h a t  in  1961 Hung, e t  a l .  te s te d  
6 i s o l a t e s  of P .o ry zae  on th e s e  16 v a r i e t i e s  and, based  on r e a c t io n  ty p e s , 
were a b le  to  d i f f e r e n t i a t e  th e  i s o la t e s  in to  5 g ro u p s, d e s ig n a ted  A, B,
C, D and £ .  They s ta te d ,  however, t h a t  excep t fo r  th e  C group , which 
could  be e q u iv a le n t to  th e  group K l i s t e d  below , none of th e s e  ra c e s  had 
been encountered  in  l a t e r  d e te rm in a tio n s .
U sing th e  same s e t  o f 16 d i f f e r e n t i a l  v a r i e t i e s ,  C h iu , e t  a l . ,
( l o c .  c i t . )  o f  th e  Taiwan A g r ic u l tu r a l  R esearch  I n s t i t u t e  t e s t e d  67 
i s o l a t e s  c o l l e c te d  in  I960 , LUl i s o l a t e s  in  1961 and 99 i s o l a t e s  in  1962.
I t  was m entioned  t h a t  19 r a c e s  w ere o b ta in e d , w hich w ere a rra n g e d  in to  
th e  fo llo w in g  7 ra c e  g r o tp s t  Group A w ith  r a c e  1; group K w ith  r a c e  2 ; 
group  N w ith  r a c e  3; g roup  J  w ith  r a c e s  U, 5 » 6 and 7 ; g roup  I  w ith  r a c e s  
6 , 9 , 10 and 11; group P w ith  r a c e s  12, 13, 11*, 15 *nd 16; and group X 
w ith  r a c e s  17* Id  and 19*
A lso  C h iu , e t  a l* ,  ( l o c .  c i t . )  r e p o r te d  t h a t  5 p h y s io lo g ic  r a c e s  
o f  P .o ry zae  had been  i d e n t i f i e d  by Academia S in ic a  in  Taiwan on th e  b a s i s  
o f  9 d i f f e r e n t i a l  v a r i e t i e s ,  a l l  o f  th e n  ja p o n lc a  ty p e .  The r a c e s  w ere 
re c o g n iz e d  from  a  t o t a l  o f  UO s in g le  sp o re  i s o l a t e s  c o l l e c te d  by Kou, 
e t  a l . in  1961. The a u th o rs  s t a t e d  a ls o  t h a t  3 more r a c e s  were added 
from  c o l l e c t io n s  made in  1962 by Wang. The s e t  o f d i f f e r e n t i a l  v a r i e t i e s  
used by Academia S in ic a  in c lu d ed  o n ly  U of th e  v a r i e t i e s  used a t  TARI; 
th e r e f o r e  th e  r e s u l t s  co u ld  n o t be a d e q u a te ly  c o h e r e d .  The ev id en ce  in ­
d ic a te d ,  how ever, t h a t ,  ex cep t f a r  r a c e s  5 ,  17 and 19 th o se  r a c e s  i d e n t i ­
f i e d  a t  TARI d id  n o t  in c lu d e  th e  f i r s t  5 r a c e s  i d e n t i f i e d  a t  Academia 
S in ic a .
F u r th e r ,  C h iu , e t  a l . ,  ( l o c .  c i t . )  r e p o r te d  t h a t  i t  had been  
" r e p e a te d ly  shewn by v a r io u s  w o rk e rs  t h a t  th e  b l a s t  fungus undergoes changes 
e a s i l y  on su c c e s s iv e  m y c e lia l  t r a n s f e r  t o  p ro d u ce  v a r i a n t s  w hich may d i f ­
f e r  from  th e  p a r e n t a l  ty p e  in  c u l t u r a l  b e h a v io u r . V a r ia t io n  r e s u l t i n g  
in  lo s s  o f  p a th o g e n ic i ty  a l s o  h a s  b een  f r e q u e n t ly  o b se rv ed . T hese phe­
nomena makes th e  m ain tenance  o f th e  b l a s t  fungus d i f f i c u l t  and undoubted ly  
h an d icap  th e  g e n e t ic  s tu d y  o f  b l a s t  r e s i s t a n c e . "
In  Ju n e , 1963, A tk in s  (1 3 )  r e p o r te d  a t  th e  Symposium on th e  R ice  
B la s t  D ise a se  a t  th e  I n t e r n a t io n a l  R ice  R e se a rc h  I n s t i t u t e ,  The P h i l ip p in e s ,
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t h a t  o f th e  16 r a c e s  o f P .oryzae  p re v io u s ly  id e n t i f i e d  by re s e a rc h  in  th e  
U .S .A .j on ly  10 r a c e s  had been c o l le c te d  in  th e  U .S .h ..  These a re  d e s ig ­
n a te d  r a c e s  U .S . 1 , 2 , 3 , U, 6 , 7 , 8 , 10 and 16. A l l  10 had been 
found in  L o u is ia n a , and c e r t a i n  of th e s e  in  A rkansas, M is s is s ip p i ,  Texas 
and F lo r id a .
2 . Inher i t a n c e  of R e s is ta n c e  to  th e  B la s t  D isease  in  R ice
The in h e r i ta n c e  o f r e s i s ta n c e  to  th e  b l a s t  d is e a s e  in  r i c e  was 
f i r s t  r e p o r te d  in  1922 by S asak i ( 8 6 ) ,  as  b e in g , governed by a  s in g le  
dominant gene. The study  was made in  c ro s s e s  betw een 2 r e s i s t a n t  v a r i e ­
t i e s ,  T su rug i ( v a r ie ty  No. 160) and Senkei ( v a r ie ty  No. 116) and 8 su s­
c e p t ib le  v a r i e t i e s .  A ll  o f th e  F j p la n ts  from d i f f e r e n t  c ro s s  com binations 
were re p o r te d  r e s i s t a n t ,  excep t fo r  th e  s u s c e p t ib le  x s u s c e p tib le  combina­
t i o n s ,  which were s u s c e p t ib le .  In  th e  Fg o f r e s i s t a n t  x s u s c e p tib le  
c ro s s e s ,  a  3 :1  r a t i o  o f r e s i s t a n t  to  s u s c e p t ib le  p la n t s  was found . In  
th e  F^ of th e s e  c ro s s e s ,  a 1 : 2 : 1  r a t i o  of homozygous r e s i s t a n t ,  se g re ­
g a tin g  and nomozygous s u s c e p t ib le  l in e s  was o b se rv ea .
A ccording to  Nagai (6 2 ) , Nakatomi in  1926 re p o r te d  t h a t  from th e  
c ro s s  K iruneisen, a  b l a s t  s u s c e p t ib le  v a r i e ty  from Korea, x Sekiyam a, a  
r e s i s t a n t  Japanese v a r i e ty ,  he found a 9*3 :U r a t i o  in  th e  F^ and from th e  
c ro s s  o f T oyokuni, a s u s c e p t ib le  Japanese v a r i e ty ,  x  A ikoku, a r e s i s t a n t  
Japanese v a r i e ty ,  a  9*7 r a t i o  was observed in  th e  F2 . A lso F^ f a m il ie s  
were s tu d ie d  and th ey  were c l a s s i f i e d  acco rd in g  to  th e  mean p e rc e n ta g e s  
o f p l a n t s  su rv iv in g  a f t e r  in o c u la t io n . He drew th e  c o n c lu s io n  th a t  r e s i s t ­
ance appeared  to  be governed by 2 p a i r s  o f  genes*
A lso , acco rd ing  to  Nagai ( lo c .  c i t . ) ,  Nakamori found in  1936 
t h a t  p a n ic le  shedding and b l a s t  r e s i s t a n c e  were p a r t i a l l y  lin k e d  w ith  a
12
c ro ss -o v e r  v a lu e  of approx im ate ly  20# a t  one l o c a l i t y  in  Japan b u t th e re  
vas no a s s o c ia t io n  a t  a second lo c a t io n .  Nakamori d id  no t f in d  any l in k ­
age r e l a t i o n  be tveen  m a tu r ity  and b l a s t  r e s i s ta n c e .
Ramiah and Ramasvami (62) in  1936, based on work in  I n d ia , r e ­
p o rted  d if f e r e n c e s  in  th e  in h e r i ta n c e  of r e s i s ta n c e  to  b l a s t  in  th e  2 
c ro s se s  of th e  r e s i s t a n t  v a r i e t i e s  GEB 2b and Co. 1* w ith  s u s c e p tib le  
Korangusaoba. In  one c ro s s  r e s i s ta n c e  behaved a s  a  s in g le  re c e s s iv e  
c h a ra c te r ,  w h ile  in  th e  o th e r c ro s s  r e s is ta n c e  v as dominant and in h e r i t ­
ance was found to  be more conp lex , making d i f f i c u l t  th e  work o f s e le c t io n .
In o c u la tio n  experim en ts, acco rd ing  to  Kawamura (1*53 in  19U0, 
shewed th a t  Qryza s a t iv a  L. and O.cu b en sis  w ith  21* som atic chromosomes 
were s u s c e p tib le  to  P .o ry z a e , w h ile  O .l a t l f o l l a  and O .m inuta w ith  1*8 so­
m atic  chromosomes were h ig h ly  r e s i s t a n t .  p la n ts  of th e  c ro s s  0 . s a t iv a  
x O.m inuta were a s  r e s i s t a n t  a s 0«m ln u ta .
The r e a c t io n  o f s e v e ra l  t r o p ic a l  and s u b tro p ic a l  v a r i e t i e s  to  
le a f  b l a s t ,  neck b l a s t  and nodal b l a s t  was s tu d ie d  in  1930 by Hashioka 
(31*) in  Taiwan. The in h e r i ta n c e  o f r e s is ta n c e  was re p o r te d  to  depend 
upon 2 dominant genes in  o b se rv a tio n s  made from p ro g e n ie s .o f  s e v e ra l  c ro s se s  
made betw een r e s i s t a n t  and s u s c e p tib le  v a r i e t i e s .
According to  Nagai (6 2 ), Gkada and Naeda re p o rte d  in  1936 from 
i n h e r i t a b i l i t y  a n a ly se s  of th e  p ro g en ie s  of in te r c ro s s e s  be tveen  h ig h ly  
r e s i s t a n t  in d ic a  and s u s c e p tib le  and r e s i s t a n t  jap o n ica  v a r i e t i e s  th a t  
r e s i s ta n c e  to  le a f  b l a s t  v a s  governed by 3 dominant genes, d e s ig n a ted  R^,
Rg and R^. The degree o f b l a s t  r e s i s ta n c e  in c reased  p ro g re s s iv e ly  w ith  
th e  sim ultaneous p resen ce  o f th e s e  3 e m u la t iv e  genes. The degree  of 
r e s i s ta n c e  v as  judged by th e  in fe c tio n  ty p e s .
In h e r i ta n c e  o f b l a s t  r e s i s ta n c e  v a s  s tu d ie d  by Oka and Lin (66)
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in  1937* in  F^ , F2 and F j  p o p u la tio n s  of P e i-k u  (an  in d ic a  v a r i e ty )  as 
th e  r e s i s t a n t  p a re n t  x Taichung 63 (a  jap o n ica  v a r i e ty )  as th e  s u s c e p t ib le  
p a r e n t .  The h y b rid  p o p u la tio n s  were su b je c ted  to  sev ere  n a tu r a l  in fe c ­
t io n  in  Taiwan. Using M a th e r 's  p a r t i t i o n in g  m ethod, th e  number o f e f f e c ­
t i v e  f a c to r s  govern ing  r e s i s ta n c e  v as c a lc u la te d  a s  one, w ith  s u s c e p t ib i l i t y  
dom inant. The r e c e s s iv e  gene fo r  r e s i s ta n c e  was d e s ig n a te d  b t .  The b t  
gene appeared  to  be lin k ed  w ith  gam ete-developm ent genes, s in c e  th e  se g re ­
g a tio n  r a t i o s  w ere d is tu rb e d  and w ith  a p a ir  o f genes Ph ph fo r  pheno l 
r e a c t io n .  The reco m b in a tio n  v a lu e  b e tv een  B tbt and Phph was ab o u t 60#.
In  c ro s s e s  betw een r e s i s t a n t  fo re ig n  and s u s c e p tib le  Japanese  
v a r i e t i e s  re p o r te d  by itbumiya ( 3 ) in  1959 , r e s i s ta n c e  was dom inant or 
r e c e s s iv e  acco rd in g  to  th e  p a re n ts  used . I t  was suggested  t h a t  3 g en es, 
d e s ig n a te d  R j , and s ,  may be p r in c ip a l ly  involved in  r e s i s t a n c e .  R^ 
and R2 a re  aom inant genes f o r  r e s i s t a n c e  w hile  s i s  a  re c e s s iv e  gene fo r  
r e s i s t a n c e .  The dom inant 6  gene fo r  s u s c e p t ib i l i t y  was p r a c t i c a l l y  con­
f in e d  to  Japanese  v a r i e t i e s  and should  be e lim in a te d  by b re e d in g . Of th e  
2 dom inant r e s i s t a n t  g en es, v a s  th e  more e f f e c t iv e  and was on ly  founc 
in  in tro d u c ed  v a r i e t i e s .  I t  was recommended th a t  R i be t r a n s f e r r e d  to  
Japanese v a r i e t i e s  by h y b r id iz a t io n .
Hhapkar and D 'C ruz (16) in  I960 , re p o r te d  th a t  Fi  and F2 d a ta  
from  3 c ro s s e s  were in te rp r e te d  a s  in d ic a t in g  th a t  r e s i s ta n c e  was dom inant
over s u s c e p t i b i l i t y  and dependent upon 1 or 2 m ajor g en es. I t  was a ls o  
th o u g h t t h a t  v a r i a t io n  in  s u s c e p t ib i l i t y  among th e  F2 s u rv iv e rs  was p roba­
b ly  under p o ly g en ic  c o n tr o l .
The g e n e t ic s  o f  r e s i s t a n c e  to  fungus s t r a i n  55-66 and 56-20  was 
s tu d ie d  in  i 960 by N iiz e k i  (66) in  c ro s s e s  betw een th e  r i c e  v a r i e ty  
A ic h iu s a h i ,  r e s i s t a n t  to  55-66 and s u s c e p tib le  to  36-20 on one hand , and
Ik
v a r i e t i e s  Konto io  and T yokin , s u s c e p t ib le  to  5>-6L and r e s i s t a n t  to  5U-20 
on th e  o th e r .  In  th e  Fg °-f c*ch c r o s s ,  ^ *3*3* 1 r a t i o  was o b ta in e d .
Simon (91 ) in  I960, found th a t  in  c ro s s e s  betw een Dunghan S h a ll 
a s u s c e p t ib le  v a r i e ty ,  w ith  th e  r e s i s t a n t  v a r i e t i e s  l in e  hS and A gostano , 
r e s i s ta n c e  was g e n e ra l ly  r e c e s s iv e .
The g e n e t ic s  o f r e s i s t a n c e  t o  mixed inocultsa  o f th e  pathogen  P . 
o ryzae  was s tu d ie d  by H sieh , e t  a l . ,  (38) in  F£ of a s e r i e s  o f c ro s se s  
in v o lv in g  v a r i e t i e s  from Taiwan, Japan and th e  U .S .A .. In  most c a se s  
r e s i s ta n c e  was found to  be sim ply  in h e r i te d  and dom inant; in  a few c a s e s , 
however, 2 com plem entary genes f o r  r e s i s t a n c e  appeared  to  be in v o lv ed .
In  r e s u l t s  from F2 p o p u la tio n , Qu (71) found th a t  in  g e n e ra l th e  
p ro g e n ie s  o f r e s i s t a n t  x r e s i s t a n t  c ro s s e s  were a l l  r e s i s t a n t ;  th o se  of 
r e s i s t a n t  x m o d era te ly  r e s i s t a n t  were m o stly  in  betw een r e s i s t a n t  and 
m o d era te ly  r e s i s t a n t ;  w h ile  p ro g e n ie s  of r e s i s t a n t  x  s u s c e p t ib le  c ro s se s  
v a r ie d  from r e s i s t a n t  to  s u s c e p t ib le ,  w ith  m ostly  in te rm e d ia te  g ro u p s.
A ll  p ro g e n ie s  d e riv e d  from s u s c e p t ib le  x s u s c e p tib le  c ro s s e s  were suscep­
t i b l e  . From t h i s  s tu d y , th e  g e n e ra l  im p ress io n  was t h a t  th e  r e s i s ta n c e  
o f a group o f  r i c e  v a r i e t i e s  t o  b l a s t  i s  governed by s e v e ra l  p a i r s  o f  g enes.
In  c ro s s e s  betw een r e s i s t a n t  and s u s c e p t ib le  s t r a i n s ,  i t  was r e ­
p o r te d  by H sieh  (37) t h a t  th e  Fg g e n e ra tio n  se g reg a ted  in to  a r a t i o  o f 3
r e s i s t a n t  to  1 s u s c e p t ib le  p la n t  in  th e  m a jo r ity  of th e  c ro s s e s ,  which
*
in d ic a te d  r e s i s t a n c e  to  be c o n tro l le d  by a  s in g le  dom inant gene. But in  
some c ro s s e s  th e  r a t i o  in  F2 was 9 r e s i s t a n t  t o  7 s u s c e p t ib le  p l a n t s ,  
from  which H sieh concluded t h a t  a t  l e a s t  2 genes were concerned w ith  r e ­
gard  t o  b l a s t  r e s i s t a n c e .
In  a s tu d y  by Venkataswamy (10U) i t  was concluded t h a t  r e s i s ta n c e  
In a s t r a i n  from  th e  r i c e  b reed in g  program  o f  th e  L o u is ian a  R ice  Experim ent
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S ta t io n  to  U .S . ra c e  6 of P .oryzae was c o n d itio n ed  by a s in g le  dom inant 
gene. He found e v id e n c e , however, fo r  th e  e x is te n c e  o f one or more 
m o d if ie r  genes in  a d d it io n  to  th e  m ajor gene. I t  a ls o  was suggested  t h a t ,  
b a s i c a l l y ,  one m ajor dom inant gene governed r e s i s t a n c e  to  th e  ra c e s  6 ,
6 and 16, b u t th a t  each may be in f lu e n c e d  by a  d i f f e r e n t  s e t  o f m o d if ie r  
g enes.
In  th e  com plete r e p o r t  o f th e  Committee on Nom enclature and 
Linkage g roups, ap p o in ted  by th e  S ix th  M eeting of th e  FAO I n te r n a t io n a l  
R ice  Commission NorKing P a r ty  on R ice  B reeding (1 0 ) , th e  g e n e ra l  gene 
symbol recommended f o r  r e s i s t a n c e  t o  b l a s t  was l i s t e d  a s  P i .  I t  was recom­
mended th a t  th e  r e c e s s iv e  gene fo r  r e s i s t a n c e  d e s ig n a te d  b t  by Oka and 
L in  (68 ) be a ss ig n e d  th e  symbol p i  and th a t  th e  2 dom inant genes fo r  
r e s i s t a n c e  which had been in v e s t ig a te d  by Japanese w orkers be g iv en  th e  
sym bols P i i  and P i2 .
At th e  Symposium on th e  R ice  B la s t D isease  In June 1963 a t  th e  
I n te r n a t io n a l  R ice  R esearch  I n s t i t u t e ,  The P h i l ip p in e s ,  A tk in s , e t  a l . ,
(15) s t a te d  t h a t  " r e a c t io n s  to  ra c e  1 and ra c e  6 a re  c o n tro l le d  by s in g le ,  
independen t dominant g e n es . C ro sses  have been made to  stucty th e  mode of 
in h e r i ta n c e  of r e a c t io n  to  th e  o th e r  r a c e s  and to  de te rm ine  th e  number o f 
genes in v o lv e d ."
3• B reeding R ice  fo r  R e s is ta n c e  to  P .o ry zae
As c i t e d  by Nagai (6 2 ) , S asak i in  1922, from  work in  Japan , r e ­
p o rte d  t h a t  f a i r l y  r e s i s t a n t  v a r i e t i e s  a g a in s t  2 o f th e  3 s t r a i n s  o f 
P i r i c u l a r i a  had been fo u n d . A lso  i t  was observed by Nagai ( l o c .  c i t . )  
t h a t  m ost o f th e  ja p o n ic a  v a r i e t i e s  w ere h ig h ly  s u s c e p t ib le  to  b l a s t  
d is e a s e ,  w hereas most o f th e  C hinese and t r o p i c a l  v a r i e t i e s  were h ig h ly  
r e s i s t a n t .
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A b reed ing  program to  produce a Korangusamba type of r i c e  r e s i s t ­
an t to  P .oryzae a t  C oim batore, In d ia , v a s  d escribed  by Ramiah and Ramas- 
vami (82) in  1936. From th e  c ro s s  GEG 2h ( r e s i s t a n t )  x Korangusamba 
( s u s c e p t ib le ) ,  pure b reed ing  s t r a in s  were evo lved , combining th e  r e s i s t ­
ance o f GEB 2k w ith  th e  su p e rio r  agronomic c h a r a c t e r i s t i c s  of Korangusamba 
and o u ty ie ld in g  th e  l a t t e r  even under c o n d itio n s  of low in f e c t io n .  A ll 
s t r a in s  were l a t e  in  m a tu r ity , however.
In  1938, Savu lescu  (87) re p o r te d  th a t  a v a r ie ty  developed from 
th e  hybrid  Biaz x M o ra te l li  was th e  only v a r ie ty  o f r i c e  th a t  had showed 
r e s is ta n c e  t o  P .oryzae in  Rumania.
The s t r a in s  10996, 113UQ and 6170, from th e  c ro s s  GEB 2U ( r e s i s t ­
a n t)  x Adt 10 ( s u s c e p t ib le ) ,  were l i s t e d  a s  r e s i s t a n t  in  M adras, In d ia  (8 ) .
In  Formosa, b l a s t  r e s i s ta n c e  has been found to  vary  in  d i f f e r e n t  
d i s t r i c t s  acco rd ing  to  Yano and Tagawa (110); th e re fo re  r e s i s t a n t  v a r ie ­
t i e s  had to  be te s te d  in  d i f f e r e n t  r e g io n s . Out o f 27 v a r i e t i e s  t e s te d ,
T ai Chu lUU and Gensei 7 and 9 were found to  be r e s i s t a n t  fo r  th e  Z ir in  
d i s t r i c t  o f Formosa.
According to  Ramasvamy and B a la ji  Rao (8 1 ), th e  b reed ing  program 
a t  C oim batore, In d ia ,  in  b reed ing  fo r  r e s is ta n c e  to  b l a s t  involved im­
provement of lo c a l v a r i e t i e s  by pure l in e  s e le c t io n  and s e le c t io n  from 
c ro s se s  between Korangusamba ( s u s c e p tib le )  and Co. h ( r e s i s t a n t ) .
The v a r i e t i e s  Z e n ith , A rkansas, F o rtu n e , N ira  1*3 and Lady W right 
were l i s t e d  a s  r e s i s t a n t  t o  b l a s t  in  th e  U nited  S ta te s  by A dair and C ra l-  
ley  (U) in  1950.
In  Japan b reed ing  of r i c e  to  o b ta in  a  v a r ie ty  r e s i s t a n t  t o  P. 
oryzae by h y b r id iz a tio n  and b ack ero ssin g  betveen  s u s c e p tib le  Japanese 
v a r i e t i e s  w ith  r e s i s t a n t  ty p es  from o th e r  c o u n tr ie s  was d e sc rib e d  by
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Shigemura (8 6 ) .  R e s is ta n t  ty p e s  were reco v ered  in  th e  l a t e r  b a c k c ro s se s , 
r e s i s t a n c e  b e in g  a p p a re n tly  determ ined  by s e v e ra l  g enes.
A ccording t o  Kuang (U 8), b l a s t  r e s i s t a n t  v a r i e t i e s  Y atsen No. 1
and K 110 were o b ta in ed  in  C hina by h y b r id iz a t io n .
Four jap o n ic a  v a r i e t i e s  in tro d u ced  in to  Japan , nam ely, R e ish ik o , 
To, C h in -K eishu  and Y ak e i-n o n g lu tin o u s r i c e ,  were found to  be r e s i s t a n t  
to  b l a s t  by Koyama (h 7 ) .  %  c ro s s in g  R e ish ik o  and To, b o th  C hinese v a r i e ­
t i e s ,  w ith  2 com m ercial Japanese fo rm s, Nor in  10 and G inbozu, and s e l e c t -  
t in g  fo r  s e v e ra l  g e n e ra t io n s , th e  fo llo w in g  5 b l a s t  r e s i s t a n t  v a r i e t i e s  
were o b ta in e d , Kanto 51 , 52 (from  Ginbozu x To) 53, 5U and 55 (from  Nor in  
10 x R e is h ik o ) . Work in  b reed in g  fo r  b l a s t  r e s i s t a n c e  was s t a r te d  in  
19h3.
H allay  (U i) re p o r te d  t h a t  th e  R u ssian  v a r i e t i e s  Coba and Kendzo 
combined r e s i s t a n c e  t o  b l a s t  w ith  good g ra in  q u a l i ty  and h ig h  y ie ld  and 
recommended t h a t  a  b reed in g  program  f o r  b l a s t  r e s i s t a n c e  be s t a r t e d  in  
C z ech o slo v ak ia . He a ls o  re p o r te d  t h a t  a new b l a s t  r e s i s t a n t  v a r i e ty ,  
S zeged inska  O sim ata, was s e le c te d  from Arpa d i a l i  in  Hungary.
A ccording to  Simon (9 1 ) , b ree d in g  fo r  b l a s t  r e s i s t a n c e  in  Hungary
began in  1956. In  a w orld c o l l e c t io n  of v a r i e t i e s ,  th e  fo llo w in g  were 
r e s i s t a n t  and good in  q u a l i ty  and agronom ic c h a r a c te r s :  th e  H ungarian
s e le c t io n  P a l la g a i  73 from th e  s o v ie t  v a r ie ty  F eher szkom sz, th e  Ru­
m anian v a r i e ty  S le ja r u  k>} th e  I t a l i a n  v a r ie ty  A rd izzone, th e  S o v ie t va­
r i e t y  M 26, th e  C hinese v a r ie ty  C inszen  5 and th e  In d ia n  v a r i e ty  Ambemohor 
102.
Z K iss (111) re p o r te d  t h a t  among 20 H ungarian v a r i e t i e s ,  h y b r id s  
and s e l e c t i o n s ,  th o se  r e s i s t a n t  t o  b l a s t  were g e n e ra l ly  p o o re r  in  p ro ­
t e i n  th a n  th o se  s u s c e p t ib le ,  bu t th e  new f i e l d  s e le c t io n  ( t k i  3 approached
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th e  su s c e p tib le  v a r ie ty  Dunghan S h a li in  q u a l i ty .  He a ls o  s ta te d  th a t  
among th e  r e s i s t a n t  commercial v a r i e t i e s  th e  b e s t  were D ubovskij 129 and 
Precoce A llo r io  b u t th a t  th e se  do no t approach Dunghan S h a ll  in  q u a l i ty .
L a te r in  1961, Szepes (96) l i s t e d  th e  v a r ie ty  ftrecoce A llo r io  
as being r e s i s t a n t  and showing th e  low est r a t e  o f browning a t  a l l  s ta g e s . 
L a tjo s  (51) re p o r te d  t h a t ,  as th e  r e s u l t  of b reed in g  work, s e v e ra l 
prom ising  new v a r i e t i e s  were developed , in c lu d in g  Mz-Rosz 17 some K^ka 
l in e s .
P etrova  and Andronova (80) working in  Hungary in o cu la te d  13 r i c e  
v a r i e t i e s  w ith  c o n id ia  o f P .oryzae and found th a t  th e  v a r i e t i e s  G -46-232, 
K rasnodarsk ii h2h and Kros-115-55 were th e  most r e s i s t a n t .
Li (55) re p o r te d  th a t  a s e r ie s  of 52 p e n g - la i  v a r i e t i e s  o f j a -  
p on ica  type  and 36 I - c h i - t s a i l a i  v a r i e t i e s  o f n a tiv e  in d ic a  type  were 
su b je c te d  to  a r t i f i c i a l  in o c u la tio n  w ith  P .oryzae a t  th e  se ed lin g  s ta g e  
and l a t e r  a t  h ead in g . In  g e n e ra l ,  th e  deg rees o f r e s i s ta n c e  a t  th e  2 
s ta g e s  were s ig n i f ic a n t ly  c o r r e la te d .  In  1955, from s e v e ra l  P e n g - la i  type  
v a r i e t i e s  t e s te d ,  Li (56) found th a t  P a i-m i-fe n , Kungfu 1, Kao-hsiung 27 
and Kao-hsiung 22 were th e  most r e s i s t a n t  to  b l a s t .
At th e  Param aribo A g r ic u l tu ra l  R esearch S ta t io n  in  Surinam , th e  
s e le c t io n  5 ML 7 7 /1 /3  proved to  be m oderate ly  r e s i s t a n t  to  b la s t  (2 ii) .
N arasinga Rao (6U) found th a t  th e  r i c e  c u l tu r e s  6522 and 6517, 
developed a t  C oim batore, In d ia , from c ro s s e s  o f a s h o r t-d u ra t io n  s t r a i n  
w ith  th e  b la s t  r e s i s t a n t  v a r ie ty  Co. U, d isp lay ed  a  h igh  degree o f r e s i s t ­
ance to  b l a s t  In A ndra, In d ia .  L a te r in  1956, N arasinga Rao, e t  a l . ,  (65) 
found a s e le c t io n  from M olakolukulu, known as M 1|2, to  be t o le r a n t  to  P. 
o ry zae .
A new r i c e  v a r i e ty ,  c u l tu re  6530 from th e  c ro s s  Co. k  x GEB 2U,
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o f  Medium m a tu r a t io n  p e r io d  and r e s i s t a n t  t o  P . o ry z a e , gave 22% h ig h e r  
y i e l d  th a n  GEB 2k (9 )*
I n  F ra n c e , th e  v a r i e t i e s  A m ericano 1600, S e n ^ tc re  N o v e ll!  and 
A d -J l-i'i ' C h ia p p o l l i  p ro v ed  t o  be  r e s i s t a n t  t o  b l a s t ,  b u t  th e  l a s t  one had 
poor y i e l d ,  a s  r e p o r t e d  by B ernaux  ( 1 7 ) .
From 21 low land  r i c e  v a r i e t i e s  t e s t e d  in  t h e  P h i l i p p in e s  by G a l­
la r d o  ( 2 9 ) ,  Inom ay, M alaman, and Ac hUO Dr 260 showed th e  l e a s t  i n f e c t i o n  
under g ree n h o u se  c o n d i t io n s  t o  r i c e  b l a s t .  I t  was p ro p o se d  t h a t  t h e s e  
v a r i e t i e s  s e rv e  a s  s o u rc e s  o f  r e s i s t a n c e .  Some o th e r  o f  th e  v a r i e t i e s  
t e s t e d  had p a r t i a l  r e s i s t a n c e .
A cco rd in g  t o  Ou, (7 0 )  n e a r ly  1 ,0 0 0  v a r i e t i e s ,  in c lu d in g  b o th  
P o n la i  and  n a t i v e  ty p e s ,  had  b e en  t e s t e d  f o r  t h e i r  r e s i s t a n c e  (g re e n h o u se  
and f i e l d )  in  Taiw an and o v e r 170 showed a  h ig h  d e g re e  o f  r e s i s t a n c e ;  
h o w ev er, r e s i s t a n c e  t o  b l a s t  w as o b se rv e d  t o  v a ry  from  l o c a l i t y  t o  l o c a l ­
i t y  and a l s o  from  y e a r  t o  y e a r .  B re e d in g  was s t a r t e d  t h e r e  in  1950 w ith  
th e  o b j e c t iv e  t o  d e v e lo p  r e s i s t a n t  v a r i e t i e s  o f  th e  P o n la i  ty p e  w ith  good 
q u a l i t y .  B a c k e ro s se s  w ere made t o  th e  v a r i e t y  T a ich u n g  6 5 , w hich  i s  v e ry  
good e x c e p t f o r  i t s  s u s c e p t i b i l i t y  t o  b l a s t .  T a ich u n g  171 and 179 w ere 
d e v e lo p e d  and w ere  c o n s id e re d  f o r  r e l e a s e ,  b u t v a r i e d  in  r e s i s t a n c e .  
A v a i la b le  d a ta  w ere  r e p o r te d  t o  be  i n s u f f i c i e n t  t o  i n d i c a t e  w h e th e r  th e  
v a r i a t i o n  was due t o  d i f f e r e n t  p h y s io lo g ic  r a c e s  o f  th e  fu n g u s , th e  e f f e c t  
o f  e n v iro n m e n ta l  c o n d i t io n s  o r some o th e r  r e a s o n .
Wang and Yang (106) s t a t e d  t h a t  t h e  new im proved r i c e  v a r i e t y  
C h ia lu n g y u  No. 21*2, s e l e c te d  fro m  a  c r o s s  o f  C h ia lu n g y u  No* 65 (H s in c h u  
No. U x  T a ich u n g  No. 105) x  C h ia lu n g y u  No. 123 (T a ip e i  No. 7 x  T a in o n  No. 
1*5), in  T aiw an had  good y i e l d i n g  a b i l i t y ,  s u p e r io r  q u a l i t y ,  w ide  a d a p ta ­
b i l i t y ,  was h ig h ly  r e s i s t a n t  t o  r i c e  b l a s t  th ro u g h  i n o c u la t i o n  t e s t  a t  
t h e  s e e d l in g  s ta g e  and  in  th e  f i e l d  and was a l s o  a d a p te d  t o  heavy  f e r t i l i -
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z a t io n .
In 1958, On and Lin (73) rep o rte d  th a t  r a d ia t io n  could be a sh o rt 
cu t way to  g e t r e s is ta n c e  to  b l a s t .  Lin and Lin (57 and 58) rep o rte d  
some r e s i s t a n t  s t r a in s  to  b la s t  developed through r a d ia t io n .  According 
to  Chang (19) i r r a d ia t io n  of P on la i r ic e  seeds w ith  X -ray, c o b a lt 60 and 
therm al neu trons had induced m utants which may be r e s i s t a n t  to  r i c e  b l a s t .  
Among th e  t r e a te d  p rogen ies a  few were found to  be q u ite  r e s i s t a n t .
In  a th e s is  stucty, N utt (67) showed th a t  m uta tions fo r  moderate 
r e s is ta n c e  to  b la s t  could be induced by gamma ra d ia t io n  of dormant seed 
of r i c e .  He, a ls o  observed th a t  among 38 p a n ic le  p rogen ies of red  r i c e ,  
h could p robably  be of in te r e s t  a s sources of r e s is ta n c e  to  b l a s t .
In  1958, a  suggestion  fo r  c o -o p e ra tiv e  p ro je c ts  invo lv ing  (a) 
I s o la t io n  of r e s i s t a n t  ty p es from FAO world g e n e tic  s to c k , and (b) exchange 
of r e s i s t a n t  m a te r ia ls  was made by P a r th a s a ra t ty  and Padmanabhan (7 8 ).
In  Taiwan, breeding  of b la s t  r e s i s t a n t  v a r i e t i e s  i s  one o f the  
prim ary aims in  r i c e  breeding according  to  Chang (19) and Chang (2 0 ).
They re p o rte d  th a t  th e  s u s c e p t ib i l i ty  of P o n la i r i c e  v a r i e t i e s  to  t h i s  
d ise a se  i s  l im itin g  th e  expansion of P on la i r i c e .  % stem atic  breed ing  
was s ta r te d  in  1950. C rosses between P on la i r i c e  v a r i e t i e s  ( jap o n ica ) 
and o th er types were p ra c t ic e d . "Taichung 65" th e  most popular v a r ie ty ,  
h igh y ie ld in g , w ith  wide a d a p ta b i l i ty  and good q u a l i ty  g ra in  was th e  most 
commonly used p a ren t in  c ro s se s . P ed ig ree , b u lk , and backeross (using  
Taichung 65 as re c u rre n t p a re n t)  methods were employed. R ice  v a r i e t i e s  
showed a  g re a t d e a l of d if fe re n c e  in  r e s is ta n c e  w ith  re s p e c t  to  v a r ie ty ,  
lo c a l i ty  and y e a r .
The Department of A g ric u ltu re  in  Ceylon recommended, according 
to  Fernando and W eeraratne (2 7 ), th e  fo llow ing  v a r i e t i e s  as having a h igh  
degree of r e s is ta n c e  to  b la s t  w ith  a h igh  response to  f e r t i l i z e r *  H-i+
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(Mur ungakayan 302 x M as); H-105 (C-lOl* x M urungakayan), and H-501 (GEB 
21* x V c l la i  I l l a n k a l a y a n ) .
Work in  b re e d in g  b l a s t  r e s i s t a n t  s t r a i n s  s t a r t e d  in  M adras,
I n d i a ,  a s  e a r ly  a s  1926 a c c o rd in g  t o  Ghose and Botany ( 3 0 ) .  They r e p o r te d  
s e v e r a l  new s t r a i n s  com bining  r e s i s t a n c e  and o th e r  econom ic c h a r a c t e r s .
The new est v a r i e t i e s  w ere 2 h y b r id  s t r a i n s ,  Co. 25 and Co. 2 6 , from  th e  
c ro s s  Co* k  ( h ig h ly  r e s i s t a n t )  x  x d t  10, how ever, th e s e  new v a r i e t i e s  a r e  
l a t e  in  m a tu r i ty  (165*160 d a y s ) ,  c o a r s e  and n o t a d ap ted  f o r  c u l t i v a t i o n  
in  d i f f e r e n t  p a r t s  o f  I n d i a .  In  M adras, c u l t u r e  No. 9 9 56 /1  from  th e  doub le  
c ro s s  (Adt 5 x  Co. 15) x (Adt 17 x  Co. 15) was s l i g h t l y  s u s c e p t ib le  and 
y ie ld e d  more th a n  Adt 17. Out o f  more th a n  500 v a r i e t i e s  t e s t e d  under 
a r t i f i c i a l  i n f e c t i o n ,  ll* w ere found  to  be r e s i s t a n t  o r m o d e ra te ly  r e s i s t ­
a n t  t o  b l a s t .
A ttem p ts  t o  c o n t r o l  b l a s t  by  b re e d in g  r e s i s t a n t  v a r i e t i e s  w ere 
made by Padmanabhan (7 U ). R e s i s t a n t  v a r i e t i e s ,  i s o l a t e d  in  s e v e r a l  s t a t e s  
in  I n d ia ,  in c lu d e d  Co. 1*, TKM 1, BCP 2 , JR 1 and 1ft 35- R e s i s t a n t  h y b r id  
s e l e c t i o n s  Co. 25 , Co. 26 , A dt 25 , T 6517 , T 6522, T 6530 and o th e r s  had 
b een  or w ere t o  be  r e l e a s e d .
I n  1560, a t  M ysore, In d ia ,  V e n k a ta k r is h n ia h  and D e lv i (103) r e ­
p o r te d  t h a t  th e  v a r i e t i e s  S . 67 and S . 621* w ere m arked ly  f r e e  o f  i n f e c t i o n .  
A bdul (1 )  l i s t e d  2 b l a s t  r e s i s t a n t  s t r a i n s  in  M adras, I n d ia ,  a s  Co. 29 
(Co. 13 x C o. li* ), m a tu rin g  in  110 d a y s , and Co. 30 (G£B 21* x C o. 1*), 
m a tu r in g  in  165 d a y s .
B la s t  was in d ic a te d  a s  t o  be  th e  m ost s e r io u s  d is e a s e  o f paddy 
in  P ra d e s h , I n d ia ,  by  M athur and M isra  ( 6 0 ) .  From a  c o l l e c t i o n  o f 29 
paddy v a r i e t i e s  and c u l t u r e s  th e y  r e p o r te d  t h a t  none was found  r e s i s t a n t .  
The fo l lo w in g  w ere l i s t e d  a s  m o d e ra te ly  r e s i s t a n t t  9 i  8 , T 100, N 12,
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T 22A, T 36, H 15$, B .J . 1, T 3 and C .P . 9 . T h ir te e n  more were m oderately  
s u s c e p tib le  and th e  rem aining 7 were s u s c e p t ib le .
Zt was in d ic a te d  by Govindaswamy and bubramanian (32) th a t  p re ­
lim inary  sc reen in g  t e s t s  were s ta r te d  in  I960 a t  Madras, In d ia , and, from 
222 v a r i e t i e s  t e s te d ,  2$ were found to  be r e s i s t a n t  to  P .o ry zae .
According to  Marks and P e i r i s  (5 9 ) , th e  r i c e  b reed ing  program 
in  Ceylon invo lves t e s t in g  of new hy b rid  p o p u la tio n s  fo r  r e s is ta n c e  to  
le a f  b l a s t  under upland c o n d itio n s  in  th e  e a r ly  g e n e ra tio n s  fo llow ed  by 
t e s t s  o f m ature p la n ts  fo r  r e s is ta n c e  to  th e  n e c k -ro t s ta g e  b e fo re  r e le a s e .
I t  was re p o rte d  by Wang and Yang (107) in  I960 th a t  50 re c e n tly  
bred  v a r i e t i e s  of th e  P e n g a i- la i  (M oral) type  were su b je c ted  to  n a tu ra l  
b l a s t  in fe c t io n  in  Taiwan and only  1 o f th e s e , Chianung 21*2, combined 
b l a s t  r e s i s ta n c e  and high  y ie ld .  They a ls o  found th a t  s e v e ra l o th e r s ,  
however, were s u f f i c i e n t ly  b l a s t  r e s i s t a n t  t o  be s u i ta b le  as b reed ing  
m a te r ia l .  In  1962, Chang, T .T . (20) re p o r te d  th e  v a r ie ty  Chianung 2i*2 
was su s c e p tib le  in  1 out of 6 d i f f e r e n t  l o c a l i t i e s  o f Taiwan.
From 661 v a r i e t i e s  p la n te d  in  B ra z i l ,  da C osta (22) re p o r te d  th a t  
353 had rem ained u n a ffec ted  by "brusone" caused by P .o ry zae . Another 519 
showed s l i g h t  s u s c e p t ib i l i t y  and 6 were more su s c e p tib le  and 1 com plete ly  
decim ated . Some of th e  v a r i e t i e s  th a t  rem ained u n a ffec ted  were Blue R ose, 
C a lo ro , M arav ilha, Bengue and se v e ra l I t a l i a n  long g ra in  v a r i e t i e s .
R izzo to  7 6 /6 , a  s e le c t io n  of R iz z o to , and f r i g in a r io  L encino, 
a  s e le c t io n  from Cody, were l i s t e d  by Favero (26) as r e s i s t a n t  to  b l a s t .
T e s ts  conducted by Tem pleton, e t  a l . ,  (99) in  I960 showed only 
G u lfro se , L acrosse and Z en ith  o f th e  commercial v a r i e t i e s  to  be r e s i s t a n t  
to  b l a s t  in  A rkansas.
I to  (39) s ta te d  th a t  b reed ing  fo r  r e s i s ta n c e  to  b la s t  was s ta r te d
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in  1?U0 and h y b r id iz a t io n  was inc luded  in  th e  program  in  19U3. The r i c e  
v a r i e ty  Kusabe, s e le c te d  from  Kanto 33 x Nor in  29 was h ig h ly  r e s i s t a n t  
to  P .o ryzae  and o u ty ie ld e d  Nor in  29 , which i t  resem b les  in  r e s i s ta n c e  to  
o th e r  d is e a s e s ,  in s e c t  p e s t s  and lo d g in g .
Chang (20) in  1962 l i s t e d  11 g roups o f v a r i e t i e s  used a s  so u rces  
of r e s i s t a n c e  in  Taiw an. He a ls o  l i s t e d  16 h ig h ly  r e s i s t a n t  v a r i e t i e s  
which had been developed by  c ro s s in g  r e s i s t a n t  ty p e s  w ith  w e ll adap ted  
s u s c e p t ib le  v a r i e t i e s .
Sources o f r e s i s ta n c e  in  r i c e  to  b l a s t  a s  l i s t e d  by S tevenson 
and Jones (92) were P .fc .I .  1J036 ( C . l .  13LU) in tro d u ced  from  Formosa in  
1903, P .fc .I .  31169 ( C . l .  1779) in tro d u c ed  from The P h i l ip p in e s  in  1911, 
s e le c t io n s  from com m ercial v a r i e t i e s  in  th e  U .S . and Z e n ith  and R exoro .
A tk in s , £ t  a l . ,  ( l i t )  re p o r te d  in  1962 th a t  so u rc es  o f r e s i s t a n c e  
to  each  of th e  10 r a c e s  o f P . oryzae t h a t  had been c o l le c te d  in  L ou is iana  
had been found among U .S . v a r i e t i e s .  P rom ising e x p e rim e n ta l v a r i e t i e s  
w ith  r e s i s t a n c e  to  9 ra c e s  and o th e rs  w ith  r e s i s t a n c e  to  8 w ere undergoing 
f i e l d  t e s t i n g .  They re p o r te d  t h a t  v a r i e t a l  r e a c t io n  based  on f i e l d  o b se r­
v a t io n s  a lo n e  w&s sometimes in c o r re c t  due t o  v a r i a t i o n  caused by tim e o f 
seed ing  and p resen ce  or absence  w ith in  th e  a re a  o f  s t r a i n s  or r a c e s  o f 
P .o ry z a e . Nato was s u s c e p t ib le  t o  r a c e  6 and G u lfro se  and Z e n ith  were 
s u s c e p t ib le  t o  ra c e  1.
i*. Methods fo r  T e s tin g  w ith  A r t i f i c i a l  In o c u la t io n  th e  
R e ac tio n  to  P .oryzae on R ice
F u lto n  (28 ) in  1908, re p o r te d  3 form s o f in o c u la t io n  t e s t s i  a )  
by a su sp en s io n  in  s t e r i l e  d i s t i l l e d  w ater o f m acera ted  t i s s u e  from  a f f e c te d  
a re a s  a t  th e  neck , b ) a  s im ila r  su sp en s io n  o f  m a te r ia l  from  th e  neck re g io n
2k
which had been kept in  m o ist chamber u n t i l  spore fo rm ation  was abundant, 
c ) a suspension  in  s t e r i l e  d i s t i l l e d  w ater o f spores and some m yceliun 
from pure  c u l tu r e s  on steamed r i c e  le a v e s . The spore suspension  was 
a p p lie d  a t  the  l ig u la r  re g io n  of th e  uppermost leaves of th e  r i c e  p la n t .  
In fe c t io n  was ob ta ined  a t  v a r io u s  s ta g e s  of p la n t  grow th.
L a te r , in  1927, Nakatomi (6 3 ), confirm ed e x p erim e n ta lly  t h a t  an 
abundance of n itro g e n  f e r t i l i z e r  or manure favo red  development o f th e  
b l a s t  d is e a s e .  According to  Sueda (9L ), c o n id ia  have been observed to  
su rv iv e  fo r  1 year on th e  h o s t ,  or even 2 y e a r s  on n u t r ie n t  m edia. 
K uribayashi (50) confirm ed th a t  c o n id ia  on r i c e  straw  or seed a t  d ry  room 
tem pera tu re  may l iv e  more th an  1 y e a r w hile m y ce lim  may rem ain v ia b le  
lo n g e r, bu t b o th  w i l l  d ie  soon under m oist c o n d it io n s .
The e f f e c t iv e n e s s  o f c o n id ia l  suspensions o f P .oryzae used fo r  
in o c u la tio n  o f r i c e  were in c reased  1* to  10 fo ld  by a d d it io n  of sp read ing  
and s t ic k in g  a g e n ts , accord ing  to  Andersen and Henry ( 6 ) .  A s o lu tio n  
c o n ta in in g  0,0$%  sodium o le a te  and 0,2$% g e la t in e  proved to  be th e  most 
e f f e c t iv e  s p re a d e r - s t ic k e r  com bination . T his com bination in c reased  th e  
number o f le a f  le s io n s  per p la n t  over th a t  e f fe c te d  by c o n id ia s  in  wata: 
su sp en sio n , and a ls o  gave a more uniform  d i s t r ib u t io n  o f le a f  le s io n s  
over th e  e n t i r e  su rfa ce  of th e  le a f .
Che y e a r l a t e r ,  in  19L7, th e  same in v e s t ig a to r s  (7) rep o rte d  
t h a t  exposure o f in o cu la te d  p la n ts  to  con tinued  w etness fo r  16 to  2k hours 
a t  tem p era tu re s  between 2U° and 28%  re s u l te d  in  maximum in f e c t io n  w ith  
P .o ry zae . No in fe c tio n  r e s u l te d  froai exposure of le s s  th an  10 h o u rs .
A m in ia m  p e rio d  o f 6 days a f t e r  in o c u la tio n  was n ecessa ry  fo r  le s io n s  . 
t o  develop to  a  s tag e  capab le  of producing  c o n id ia , which, in  tu rn ,  a c ted  
a s  inoculum f o r  secondary sp read . They ( lo c . c i t . )  found th a t  r i c e  p la n ts
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were most su sc e p tib le  to  P .oryzae in  th e  se e d lin g , e a r ly  t i l l e r i n g ,  and 
heading s ta g e s .
N u tr i t io n a l  requ irem ents of P .oryzae fo r  grcwth and con id ia  
form ation  were s tu d ied  by Leaver, e t  a l . ,  (5^)* They found th a t  th iam ine 
(2*g per m l. or le s s )  and b io t in  (O.Ql*.g per ml*) were req u ire d  fo r  
growth and co n id ia  form ation  by P .o ryzae . Other 6 complex v itam ins were 
not re q u ire d . Combined n itro g e n , was a lso  req u ire d  p re fe r  ably«C-amino- 
a c id s . S im ila r r e s u l t s  were ob tained  l a te r  by Otani (6 9 ). I t  was a lso  
rep o rted  by Leaver, e t  a l . ,  ( lo c .  c i t . )  th a t  P .orvzae can be m aintained 
su c c e ss fu lly  in  su b cu ltu re  on chem ically  defined  media, th e  degree of 
v a r ia t io n  and the  y ie ld s ,  v i a b i l i t y  and th e  degree of germ ination  and 
in f e c t iv i ty  of co n id ia  comparing fav o rab ly  w ith  c u ltu re s  grown on n a tu ra l  
m edia.
D iffe re n t amounts of pure glucose were added to  p o ta to  decoc­
t io n  fo r  p rep a rin g  so lu tio n s  o f d i f f e r e n t  osmotic p re s su re  by Hirayama 
(36) and i t  was found th a t  m yce lia l growth was more v igorous in  media of 
h igh  osmotic p re s su re . Changes o f pH did not show any r e l a t io n  w ith  the  
n y c e l ia l  grow th.
An oxygen co n ce n tra tio n  le s s  th an  5% g re a t ly  reduced or in h ib ite d  
germ ination  of co n id ia  and appressorium  fo rm ation  d id  no t occur when the  
oxygen c o n c e n tra tio n  f a l l  below 18* according to  Suzuki (9 5 ).
The b e s t c u ltu re  media or su b s tra te  fo r  spore fo rm ation  were 2%
r i c e  p o lis h  agar and a  111 m ix ture  of o a ts-so rghun , re s p e c t iv e ly , accord­
ing to  Henry and Andersen (35)- They a ls o  rep o rted  th a t  m o istu re  con ten t 
of near s a tu ra t io n  fo r  th e  whole g ra in  s u b s tra te s  and th e  ad jacen t atmos­
phere  favored  abundant sp o ru la tio n . The optimum tem peratu re  was recorded
as 2 8 ^  (8 2 .i*^1) and a pH of U.9 to  7 .5  was fav o rab le  fo r  growth and
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sp o ru la tio n .
V a r ie ta l  d if fe re n c e s  in  r e s is ta n c e  to  P . oryzae were d e te c ted  by 
Sakamoto (8b and 88) by a techn ique involving f i l l i n g  th e  empty sheaths 
of th e  v a r i e t i e s  w ith  a spore suspension  and examining the  sh ea th s m icro­
sc o p ic a lly  a f te r  a few days fo r s ig n s  o f in v as io n .
Johnson and H alpin  (UQ) observed th a t  continuous exposure of P. 
oryzae to  l ig h t  i n te n s i t i e s  of >0, 100, 200, 800 and 1000 f t .  c . r e s u l te d  
in a 2 to  9 fo ld  in c rease  in  n inber of c o n id ia  when compared w ith  c o lo n ies  
grown in  the  dark . They confirm ed th a t  a r t i f i c i a l  illu m in a tio n  induces 
changes in  co n id ia  shape of P .o ryzae . the  co n id ia s  being u su a lly  more 
s le n d e r .
Leaf le s io n s  of b l a s t  on a su sc e p tib le  v a r ie ty  of r i c e  were 
grouped in to  5 c la s s e s  by Toyoda and Suzuki (102), according  to  th e  degree 
of brown c o lo ra tio n  and s iz e  o f the  le s io n s . When sp o ru la tio n  in te n s i t i e s  
of le s io n s  of d i f f e r e n t  c la s s e s  were compared d if fe re n c e s  were found.
The q u a n ti ty  of inoculum p re se n t in fluenced  th e  le a f  b l a s t  in ­
t e n s i ty  according  to  B e ie r, e t  a l . , (1 6 ). I t  was rep o rte d  fay Kobayashi 
and Abuuiya (L6) th a t  when r i c e  leaves were in o cu la ted  by th e  spore sus­
pension  method w ith  uniform volume and w ith  v a rie d  d e n s ity  th e  n w b er of 
le s io n s  in creased  w ith  th e  d e n s ity  of sp o re s .
In  1963, Ou (72) in  h is  paper p resen ted  a t  th e  Symposium on the  
R ice B la s t D isease  a t  th e  I n te rn a t io n a l  R ice R esearch I n s t i t u t e ,  The 
P h il ip p in e s , s ta te d  th a t  Kobayashi and Abumiya ( lo c .  c i t . )  found th a t  th e  
d e n s ity  of c o n id ia l  suspension  no t only a ffe c te d  th e  number, bu t a ls o  th e  
ty p es o f le s io n s  developed.
According to  Abe (2 ) , th e  p a th o g e n ic ity  o f  each c u ltu re  s t r a in  
was obviously  lever when inocu la ted  on th e  leaves in  th e  boo ting  s tag e
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th a n  when in o c u la te d  in  th e  se e d lin g  s ta g e .
Padmanahhan and Ganguly (76) re p o r te d  t h a t  younger p la n t s  were 
most s u s c e p tib le  and th e  r e s i s ta n c e  in c re a se d  a s  th e  p la n t s  grew o ld e r .
F t on s e v e ra l  t e s t s  o f a r t i f i c i a l  in o c u la t io n  th a t  were made a t  
th e  s e e d lin g  s ta g e  and l a t e r  in  th e  f i e l d  j u s t  b e fo re  h ead in g , Li (55) 
no ted  th a t  in  g e n e ra l th e  deg rees of r e s i s ta n c e  a t  th e  2 s ta g e s  were 
s i g n i f i c a n t ly  c o r r e la te d .  Tem pleton, e t  a l . ,  (99) a ls o  found m ature 
p la n t  r e s i s t a n c e  to  be h ig h ly  c o r r e la te d  w ith  s e e d lin g  r e s i s t a n c e .  They 
a ls o  no ted  t h a t  on young p la n ts  th e  d ise a s e  i s  q u i te  o f te n  sev ere  in  
m o is t, warm w ea th e r, when th e r e  i s  inadequate  w a te r fo r  m a in ta in in g  a  
p ro p er f lo o d  on th e  r i c e .
For a l l  o f th e  10 v a r i e t i e s  t e s te d  fo r  10 y e a r s ,  Rangaswami and 
Subram anian (63) found a  h ig h  p o s i t iv e  c o r r e l a t io n  betw een le a f  and neck 
in f e c t io n  when th e  average  v a lu e s  fo r  a l l  th e  10 v a r i e t i e s  w ere a n a ly se d . 
However, th e  in f e c t io n  v a lu e s  of in d iv id u a l  v a r i e t i e s  as an average  o f 
10 y e a rs  showed a p o s i t iv e  c o r r e l a t io n  betw een le a f  and neck in f e c t io n  
only  among th e  more s u s c e p t ib le  v a r i e t i e s .
Chang (19) found th a t  th e  r e a c t io n  of a  r i c e  v a r i e ty  (m ain ly  
w ith  Taichung 65) to  b l a s t  in  th e  growing seaso n , d i f f e r e d  from  t h a t  in  
th e  se e d lin g  s ta g e .  A lso t h a t  in  making o b se rv a tio n s  o f th e  l e a f  b l a s t ,
12 c la s s e s  o f d is e a s e  developm ent in  th e  l e a f  b l a s t  phase were e s ta b l is h e d  
to  r a t e  th e  deg ree  of le a f  b l a s t  developm ent in  th e  r i c e  p l a n t .
On s u s c e p t ib le  v a r i e t i e s ,  le a v es  o ld e r  th a n  3-10 weeks were r e ­
p o r te d  to  be r e s i s t a n t  b y  Kahn and Libfcy (li3)> They a ls o  found th a t  
leav es  o f  s u s c e p t ib le  p la n t s  grown on n o n -flooded  s o i l s  w ere more su s ­
c e p t ib le  t o  in fe c t io n  th a n  were le a v e s  o f p l a n t s  grown on flo o d ed  s o i l s .
P la n ts  w ere found to  be more s u s c e p t ib le  a t  th e  s e e d lin g  s ta g e
2b
and when th ey  s t a r t  to  bloom, a s  re p o r te d  Oe H e llo  (2 3 ) .
A tk in s , e t  a l . ,  (1U) re p o r te d  t h a t  th e  r e s u l t s  of greenhouse 
in o c u la t io n  o f s e e d lin g s  a t  th e  3 l e a f  s ta g e  appeared  to  p ro v id e  a r e l i ­
a b le  in d ic a t io n  of l e a f  b l a s t  and n e c k -b la s t  r e a c t io n s  in  th e  f i e l d .
A v a r ia b le  teo g je ra tu re  in c u b a tio n  cham ber, p e rm itt in g  c o n tro l le d  
d e p o s itio n  o f dew was d esc rib ed  in  195k by M itc h e ll  and C herry  (6 1 ) .
T och inai and Nakano (100) s tu d ie d  s e v e ra l  so u rc e s  o f c a rb o -  -
a
h y d ra te  fo r  th e  c u l tu re  o f P .o ry z a e . At pH 6 , m a lto se , so lu b le  s ta rc h  
and g lu co se  proved to  be e x c e l le n t  so u rc e s . A lso among 17 so u rc es  of 
n itro g e n  t e s t e d ,  pep tone  was th e  b e s t  and NaNO^, a s p a ra g in e , g lu tam ic  
a c id  and acetam ide fo llo w ed .
P yrim id ine  and th ia z o le  were e s s e n t i a l  fo r  growth o f P .oryzae 
and th e s e  were sy n th e s iz e d  in to  th iam in e  by th e  fungus acco rd in g  to  
Tomizawa (1 0 1 ) . The minimum req u irem en t o f b io t in  was abou t 0 .2*g in  
10 m l. o f c u l tu r e  s o lu t io n .
The r i c e  b l a s t  fungus was c u l t iv a te d  by Tanaka and Moriwaki (9b) 
on a  medium c o n ta in in g  g lu tam ic  a c id  a s  th e  so le  so u rce  of carbon  and 
n i t r o g e n .  The fungus grew w e ll  on t h a t  medium.
Spore g e rm in a tio n  and c o n id ia  p ro d u c tio n  were dependent upon 
h igh  r e l a t i v e  hum id ity  a s  re p o r te d  by G r i s t  (33)* R ice  was more suscep ­
t i b l e  on land  newly p la n te d ,  and s e e d lin g s  grown in  a  wet n u rse ry  were 
more r e s i s t a n t  th a n  th o se  in  a d ry . D ickson (25) s t a te d  th a t  Abe and 
Hemmi and Imura dem onstra ted  t h a t  c o n id ia  a r e  n o t produced below 88# 
r e l a t i v e  h u m id ity .
The fo llo w in g  c o n d it io n s  w ere enum erated by P a r th a s a ra th y  and 
Padmanabhan (78) a s  re q u ire d  fo r  t e s t i n g  r i c e  v a r i e t i e s  t o  b l a s t  under 
a r t i f i c i a l  in f e c t io n :  a )  age o f s e e d lin g s  from 30 to  Uo d ay s , b ) h igh
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n i tr o g e n  f e r t i l i z e r  a p p l ie d ,  c )  te m p e ra tu re  and h u m id ity  o f 25° (77°F) -  
26°C (7 ti.d °F ) and 9^-100^ a f t e r  in f e c t io n .  S po res were d is p e rs e d  in  an 
a g e n t such a s  t a l c  and a p p lie d  as a  d u s t .  Up t o  5* in f e c t io n  o f n eck - 
in fe c te d  t i l l e r s  was re g a rd e d  a s  r e s i s t a n t  f o r  s e le c t in g  v a r i e t i e s .
A ccording to  P e i r i s  and Narks (7 9 ) ,  d is e a s e  a sse ssm e n ts  w ere made 
a c c o rd in g  t o  a  s ta n d a rd  s c a le .  U sing th e  app rox im ate  l e a f  a re a  d e s tro y e d  
by fungus e x p re sse d  a s  a  p e rc e n ta g e  o f th e  t o t a l  l e a f  a re a  and U ty p e s
o f l e s io n ,  7 g ra d e s  o f r e s i s t a n c e  w ere e s t a b l i s h e d .
G erm in a tio n  on ag ar o f sp o re s  o f P .o ry zae  was a c c e le r a te d  b y  a
f a c to r  p re s e n t  in  r i c e  p o l i s h  and r i c e  o i l  a cco rd in g  to  W ein traub , e t  a l . ,
(106 and 109 ). S im ila r  a c t i v i t y  was found in  p ean u t and ok ra  seed  o i l .
The s t im u la to r  a c te d  t o  a c c e le r a te  th e  fo rm a tio n  o f  g e m  tu b e s ;  i t  d id  
n o t  in c re a s e  th e  f r a c t i o n  o f th e  p o p u la t io n  th a t  u l t im a te ly  g e m in a te d .
In  th e  method o f  a r t i f i c i a l  in o c u la t io n  d e sc r ib e d  by Padmanabhan 
and G anguly (7 6 ) , th e  s e e d lin g  le a v e s  were f i r s t  w e tte d  w ith  w a te r and 
th e n  sp rayed  w ith  a  sp o re  su sp e n s io n  p re p a re d  a s  in d ic a te d  b y  A ndersen 
and H enry. In o c u la t io n  was done a f t e r  su n se t and s e e d lin g s  were en c lo se d  
in  a w et chamber u n t i l  th e  n e x t m orn ing . The f i r s t  s ig n s  o f in f e c t io n  
cou ld  u s u a l ly  be seen  on th e  s e e d lin g  le a v e s  a f t e r  U8 h o u rs  and w ith in  
one week th e  sp o ts  a t t a in e d  t h e i r  maximum developm ent.
F or s c o r in g ,  th e y  ( l o c .  c i t . )  used th e  p ro d u c t o f th e  n u s e r i c a l  
v a lu e  g iv e n  fo r  th e  ty p e  o f  sp o t by th e  n u m erica l v a lu e  g iv en  fo r  th e  
number o f  s p o ts ,  a s  seen  in  th e  t a b l e  below :
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Num erical va lue  fo r  
th e  type  of spot
N unerica l v a lu e  fo r  
th e  number o f spot
A -  1 1 - 2
B -  2 I I  -  3
C -  k 111 -  10
d -  a
E -  16
Example, 1JC i s  5 x k m 20.
F u r th e r , in  th e  case  of v e ry  heavy in fe c t io n  an a d d it io n a l  w eightage was 
g iv en . A c r i t e r i a  fo r  c la s s i f y in g  th e  v a r i e t i e s  in to  5 groups (Very Re­
s i s t a n t ;  R e s is ta n t ;  M oderately r e s i s t a n t ;  M oderately  s u s c e p tib le  and 
S u sc e p tib le )  was d e sc r ib e d .
la t io n  by b rush ing  th e  c o n id ia l  suspension  on th e  upper su rfa c e  of th e  
f i r s t  l e a f ,  9-12 days a f t e r  sowing, two ty p es  of r e s i s t a n t  le s io n s  and 
2 ty p e s  of s u s c e p tib le  le s io n s  were d is t in g u is h e d , a llow ing  p la n ts  to  be 
c l a s s i f i e d  a s  r e s i s t a n t ,  s u s c e p tib le  and in te rm e d ia te  or v a r ia b le .  S ince 
r e a c t io n  v a r ie d  w ith  age and env ironm ental c o n d itio n s  i t  was found ad­
v is a b le  to  inc lude  th e  h ig h ly  s u s c e p tib le  v a r ie ty  Dunghan S h a li  in  th e  
t e s t s  as*a  s ta n d a rd . The method to ok  15-20 days in  a l l  and could  be em­
ployed a t  any tim e of th e  y e a r .
A com parative t r i a l  o f  in fe c te d  se e d lin g s  o f a s e r i e s  o f v a r i e t i e s
showed th a t  le s io n  number was a s a t i s f a c to r y  index of r e s i s t a n c e ,  accord­
ing to  Shindo, e t  a l . ,  (6 9 ) . B ut, i t  was recommended th a t  th e  coun ting  
of le s io n s  on a le a f  b lad e  in  com parative s tu d ie s  o f v a r i e t a l  d if fe re n c e s  
be done on th e  c e n t r a l  a re a  o f th e  le a f  b la d e .
Mathur and M isra (60) used heavy a p p lic a t io n s  of n itro g en o u s f e r ­
t i l i z e r  to  in c re a se  s e v e r i ty  of b l a s t  in  t e s t s  of r e a c t io n .
Sudi and Podhradsky (93) d e sc rib ed  a method th a t  involved inocu-
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In  scoring  d isease  r e a c t io n ,  th e  type of le s io n , th e  number of 
le s io n s  and th e  co lo r of le s io n s  have o ften  been considered  as a c r i t e r i a ,  
Ou (71)* E ight groups of d isease  re a c tio n  were recognized  in  c la s s i f y ­
ing th e  degree of r e s is ta n c e  in T hailand . C lasse s  1 to  3 were considered  
r e s i s t a n t  and from it to  8 as su s c e p tib le , or k to  5 as in te rm ed ia te  and 
6 to  6 as su s c e p tib le . Data a ls o  in d ic a te d  th a t  r e s is ta n c e  in  the  seed­
lin g  s tag e  was c lo s e ly  c o rre la te d  w ith  r e s is ta n c e  in  th e  heading s ta g e .
Shunahova and P etrova  ( 90} found th a t  P .oryzae grew and sporu- 
la te d  on numerous s o l id  and l iq u id  c u ltu re  m edia. I t  a ls o  developed pro­
fu se ly  on e x tr a c ts  from g ra in s  and v e g e ta tiv e  organs o f r i c e ,  w heat, o a t, 
co rn , h roneg rass , w heatgrass and sorghum. Tem perature has a g re a t e f f e c t  
on th e  growth and sp o ru la tio n .
MATERIALS AND METHODS
F^ seeds from th e  c ro ss  Colusa x N ira , which had been maae in  
1937 in  the  greenhouse and Kept in s to rag e  in  a r e f r i g e r a to r ,  were sown 
in  tw o-gallon  p o ts  under greenhouse co n d itio n s  on February 9 , 1962.
The p a re n ts  o f th e  c ro s s  have been described  by Johnston (h i)  
and Jones (L2) as follow s* Colusa (C .l .  16QU) was a pure l in e  s e le c tio n  
made in  1911 by C harles E. Chambliss and J .  M itch e ll Jenkins a t  th e  R ice 
Experiment S ta t io n ,  Crowley, L ou isiana , from C hinese, a v a r ie ty  in tro ­
duced from I t a i y  in  1909 by Haven M etca lf. T his v a r ie ty  was d is t r ib u te d  
in  1917 under th e  id e n t i f ic a t io n  No. 1600 and named Colusa in  1920. I t  
i s  a Japonica ty p e , sh o rt g ra in  and e a r ly  m aturing v a r ie ty .  N ira (C .l .  
2702) is  a pure  l in e  s e le c tio n  made in 1928 by Chambliss and Jenkins a t  
th e  R ice Experiment S ta t io n , Crowley, L ou isiana, from an unnamed v a r ie ty  
in troduced  in 1916 by th e  U.S. Department of A g ricu ltu re  from The P h i l ip ­
p in e s . T his v a r ie ty  was re le a se d  fo r  commercial growing in  L ouisiana in  
19J 2 . I t  is  an in d ica  ty p e , long slender g ra in  and la te  m aturing v a r ie ty .
T h is c ro ss  was se le c te d  because of th e  d if fe re n c e s  in  th e  p a r­
e n ts  in  re a c t io n  to  th e  J  p h y s io lo g ic a l ra c e s  of P . oryzae te s te d  in  th e  
p re se n t s tu d y . Colusa i s  r e s i s t a n t  to  th e  race  1 and su s c e p tib le  to  th e  
ra c e s  2 and 6 . N ira i s  r e s i s t a n t  to  th e  ra c e s  2 and 6 and su sc e p tib le  
to  race  1.
From th e  13 F^ seeds (2 of which were in  poor c o n d itio n )  sown 
in  p o ts ,  12 F^ p la n ts  were o b ta in ed . Each p la n t was id e n t i f ie d  by a
number from 1 to  12 and th e  seeds were ha rv ested  from in d iv id u a l p la n ts
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during th e  f i r s t  week of August, 1962.
Two p la n ts ,  No. 3 and No. >, were se lec ted  because they  pro­
duced the  h ig h es t numbers of seed , ^eed from these  p la n ts  were sown in 
tw o-gallon  p o ts  on august 22, 1962 w ith  uO p o ts  per F2 popu la tion . The 
p o ts  were f i l l e d  w ith a  s o i l  m ixture composed of j  p a r ts  of O liv ie r s i l t  
loam s o i l ,  1 p a r t  of r iv e r  sand and 1 p a r t  of peat moss. E ight F2 seeds 
were sown in each p o t. The r e s t  of th e  F2 seed was kept in sto rage  a t  
32°F fo r  la te r  use.
When the  seed lings were e s ta b lis h e d , each pot was th inned to  U 
F2 se ed lin g s . Each F2 p la n t was numbered consecu tive ly  fo r  id e n t i f ic a t io n , 
numbers 1 to  160 being assigned to  the  p la n ts  from th e  Fx p lan t No. 3 and 
161 to  320 to  the  p la n ts  from F^ p la n t No. 5 .
The seeds of these  p la n ts  were harvested  during a period  from
the  la s t  p a r t  of December 1962 to  th e  f i r s t  week of February 1963. But 
because t h i s  was not th e  most su i ta b le  season fo r  growing r i c e ,  some 
p la n ts  did not produce enough seeds. These were cu t back, allowed seeds 
to  be producea in new t i l l e r s ,  which were harvested  during June and July 
196j, so th a t  th e re  was enough F j seed a v a ila b le  fo r  the  greenhouse t e s t s  
made on F j seed lings la te r  in  the  F a l l  of the  same y e a r . The F^ seeds 
were kept in  s to rage  u n t i l  used in in d iv id u a lly  labeled k ra f t  coin 
envelopes s iz e  No. j  in  a cold room a t  J2°F.
I s o la te s  of the rac es  1, 2 and 6 of P .oryzae were si^pplied by 
Dr. John G. A tk ins, P lan t P a th o lo g is t , R ice and P astu re  Experiment S ta tio n , 
Beaumont, Texas. The o r ig in a l  is o la te s  were t ra n s fe r re d  to  p e t r i  d ish es 
con ta in ing  a 2% r i c e  p o lish -ag a r medium. The c u ltu re  meditu used fo r 
growing the  fungus was prepared as fo llow s! 20 g. of r i c e  p o lish  in  1,000 
ml. of d i s t i l l e d  w ater were heated  fo r 60 m inutes a t  b o ilin g  tem perature ,
3b
th en  i t  was s ieved  th rough  a double cheese c lo th  and th e  volume of th e  
so lu tio n  was brought bach to  1,000 m l. by adding d i s t i l l e d  w a te r . To t h i s  
was added 17 g . o f a g a r , which was d isso lv ed  by re h e a tin g  the c u ltu re  
medium. T est tu b es  were f i l l e d  up to  2 /3  w ith  c u ltu re  medium, plugged 
w ith  c o tto n  and s t e r i l i z e d  a t  17 pounds of p re s su re  a t  120^C fo r  h a l f  an 
h o u r.
The c u l tu re  medium was poured from th e  t e s t  tu b e s  in to  s t e r i l e  
p e t r i  d ish es  when needed fo r  t r a n s f e r  of th e  frn g u s . T ra n s fe rs  were made 
on to  th e  medium in  p e t r i  d is h e s , using a t r a n s f e r  n eed le . The fungus was 
allow ed to  grow a t  room tem pera tu re  fo r  12 to  lb  days and sp o ru la te  
abundantly ' b e fo re  using i t  fo r  in o c u la tio n  of experim en ta l s e e d lin g s .
The sp o ru la tio n  of th e  fungus was checked a t  re g u la r  in te r v a ls  by p re p a r­
ing s l id e s  and observ ing  them under th e  m icroscope.
I t  was d iscovered  th a t  ra c e  b would no t sp o ru la te  s a t i s f a c t o r i l y  
under th e  h igh  room tem p era tu re  th a t  occurred  during  th e  e a r ly  phase of 
th e  r e s e a rc h , however, by s to r in g  th e  c u l tu re s  in  an a i r  co n d itio n ed  
la b o ra to ry  a t  7U°F t h i s  ra c e  could be induced to  form enough c o n id ia  fo r  
in o c u la tio n  o f r i c e  s e e d lin g s .
The r i c e  se e d lin g s  of th e  and F^ l in e s  and v a r i e t i e s  to  be 
te s te d  were grown in  g a lv an ized  iro n  f l a t s ,  15" x 21" in  s iz e .  The f l a t s  
were f i l l e d  w ith  a s o i l  m ix ture  p repared  from r i v e r  sand and O liver s i l t  
loam s o i l  in  a 1*1 r a t i o .  In  each f l a t  were grown 10 rows of F2 or F j 
l in e s  and v a r i e t i e s ,  in  each rcw were sown 20 se ed s . The rows were iden­
t i f i e d  by wooden s ta k e s  w ith  th e  id e n t i f i c a t io n  o f each l in e  or v a r ie ty .
For th e  t e s t  o f each ra c e  o f b l a s t ,  3 f l a t s  of F2 se e d lin g s  were
grown. F2 seeds from each of th e  6 p la n ts  te s te d  were sown in  3 row s.
As a check, 1 row of each of th e  p a re n ts  was in c lu d ed . A lso , th e  v a r i e t i e s
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Mato, C .P . 2 J1 , L acrosse  and G u lfro se , fo r  which r e a c t io n  to  th e  d i f f e r e n t  
r a c e s  had a lre a d y  been r e p o r te d ,  were inc luded  in  th e  t e s t s .
For the  t e s t s  o f F-j s e e d l in g s ,  6 f l a t s  were used a t  each inocu­
l a t io n ,  w ith  a t o t a l  o f 53 l in e s  and 7 v a r i e t i e s ,  which included  th e  2 
p a re n ts  C olusa and N ira and th e  v a r i e t i e s  C .P . 231, Z e n ith , G u lfro se ,
C alo ro  and L acro sse .
A fte r  th e  seeds had been p la n te d  in  th e  f l a t s ,  th e  s o i l  was kept
wet b u t n o t f lo o d e d . The s e e d lin g s  were to p  d ressed  w ith  a com plete
(d-O -d) f e r t i l i z e r  d days b e fo re  th e  in o c u la t io n  w ith  b l a s t .  The se e o lin g s  
were in o c u la te d  w ith  c o n id ia  o f a p a r t i c u l a r  ra c e  of P . o ryzae  when th ey  
were a t  about th e  second l e a f  s ta g e .
J u s t  b e fo re  th e  in o c u la t io n  was made, th e  p la n t s  were rubbed w ith
th e  f in g e r s  to  remove somewhat th e  waxy cover o f th e  leav es  and h e lp  th e  
c o n id ia l  su sp en sio n  to  adhere  to  th e  le a v e s , a v o id in g  th e  fo rm atio n  of 
d ro p le ts  on th e  l e a f  s u r f a c e .
The c o n id ia l  su sp en sio n  used fo r  th e  in o c u la t io n  was p rep a red  
u t i l i z i n g  a s to c k  s o lu t io n  w ith  th e  w e ttin g  and adhesive  a g e n ts  suggested  
by A ndersen and Henry (6 ) to  in c re a se  th e  e f f e c t iv e n e s s  o f in o c u la t io n .
The s o lu t io n  was p rep a red  by d is so lv in g  2 .5  g . o f g e la t in  a s  th e  ad h esiv e  
agen t and 0 .5  g* of sod iun  o le a ta  a s  th e  w e ttin g  agen t in  1,000 m l. of 
d i s t i l l e d  w a te r .
The sp a res  from U p e t r i  d ish  c u l tu r e s  were suspended in  100 m l. 
o f th e  s to c k  s o lu t io n  d e sc rib e d  above. The c o n id ia  were c o l le c te d  from 
th e  r i c e  p o l is h -a g a r  p e t r i  d ish ed  by  pou ring  a  l i t t l e  o f th e  s to c k  solo> 
t io n  on i t  and sc rap in g  s l i g h t l y  th e  su r fa c e  w ith  a b en t f l a t  n e e d le .
The m ix tu re  was s t i r r e d  th o ro u g h ly  w ith  a w aring b le n d e r  fo r  30-1*0 seconds 
to  g e t a good d i s t r i b u t i o n  o f  th e  c o n id ia  in  th e  su sp en s io n . C o n c e n tra tio n
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of c o n id ia  in  th e  su sp en sio n  was checked by exam ining a drop o f th e  su s­
p en sio n  under th e  m icroscope.
The se e d lin g s  were in o c u la te d  l a t e  in  th e  a fte rn o o n  w ith  th e  
c o n id ia l  su sp en s io n , using a hand s p ra y e r . They were sprayed u n t i l  th e  
le a v es  were a l l  w e tte d . The in o c u la tio n  was p ra c t ic e d  in s id e  a chamber 
which was kept c lo se d  a f t e r  th e  in o c u la t io n  to  m a in ta in  th e  r e l a t i v e  hu­
m id ity  a s  c lo s e  to  1U0A as p o s s ib le .  To be su re  to  g e t a good in f e c t io n  
ana avoid  any e sc a p e s , th e  se e d lin g s  were in o c u la te d  fo r  a  second tim e 
th e  fo llo w in g  a fte rn o o n .
The h u a id i ty  chamber c o n s is te d  of a wooden fram e which was covered  
e n t i r e ly  w ith  p o ly e th y le n e . I t  had a  f r o n t  f l a p  which cou ld  be opened and 
c lo sed  and a  double la y e r  o f p o ly e th y le n e  a t  th e  bottom  so th a t  i t  cou ld  
be f lo o d e d . By f lo o d in g  to  a dep ty  of 2 in ch es th e  re q u ire d  hum id ity  
could  be m ain ta in ed  when th e  f r o n t  f l a p  of th e  chamber was c lo sed  w ith  
ta c k s .  The s iz e  of th e  hum idity  chamber was enough to  hand le  6 f l a t s  a t  
a  tim e . The p la n t s  were sprayed w ith  w ater tw ice  d a i ly ,  s t a r t i n g  a day 
a f t e r  th e  second in o c u la t io n . From th e  second to  th e  fo u r th  day a f t e r  
th e  second in o c u la tio n  th e  f ro n t  f l a p  was p a r t i a l l y  opened i f  th e  tem per­
a tu re  in  th e  chamber became e x c e s s iv e ly  h ig h .
The f l a t s  w ith  th e  in o c u la te d  se e d lin g s  w ere kep t in s id e  th e  hu­
m id ity  chamber fo r  7 to  9 days, a f t e r  which th e y  were moved o u ts id e  to  
an o th e r bench in  th e  g reenhouse , About 3 to  5 days l a t e r  th e  p la n t s  were
observed on a  s in g le  p la n t  b a s is  and th e  le s io n  ty p e  was sc o re d . The
o b v io u sly  s u s c e p t ib le  p la n t s  were rem oved, and th e  rem ain ing  p la n t s  were 
k e p t, checked a  second tim e ap p rox im ate ly  1 week l a t e r .
For sc o rin g  th e  r e a c t io n  o f th e  r i c e  s e e d lin g s  t o  b l a s t ,  th e
le s io n  ty p e  on th e  leav es  was co n sid ered  a s  th e  c r i t e r i o n .  A lso , th e
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p la n t s  were compared w ith  th e  r e a c t io n  shown by th e  p a r e n t s .  t>ix ty p e s  
o f l e s io n s ,  d e s ig n a te d  0 , 1, 2 , 3 , U ana 3 ,  were r e c o g n iz e a , a s  de*> 
s c r ib e d  by L a t t e r e l l ,  e t  a l . ,  (> 3 ).
"Type 0 -  immune, o c c a s io n a l ly  T a in t c h lo r o t ic  f le c k s  
Type 1 -  p in - p o in t  brown le s io n s
Type 2 -  sm all i r r e g u l a r  shaped brown le s io n s ,  1 to  2 ram. diam e­
t e r
Type 3 -  e y e sp o ts  3 to  U mm. in  d iam ete r w ith  g rey  c e n te r s ,  
in te rm ix ed  w ith  ty p e  2 le s io n s  
Type U -  la rg e  g re y is h  e y e sp o ts  up to  30 mm. in  d iam ete r 
Type 5 -  le s io n s  a t  f i r s t  a s  in  ty p e  k  b u t e n la rg in g  r a p id ly  
c au s in g  e a r ly  d e a th  of th e  p l a n t s . "
The le s io n  ty p e s  0 , 1 , 2 and 3 w ere c o n s id e re d  a s  in d ic a t in g  a 
r e s i s t a n t  r e a c t io n  ana th e  l e s io n  ty p e s  U ana 3 a s  in d ic a t in g  a  s u s c e p t i ­
b le  r e a c t i o n .
RESULTS AND DISCUSSION
1. R eaction of Six R ice V a r ie t ie s  to  U.S. B last Races 1, 2
and 6 .
In  o rd e r  t o  t e s t  th e  r e l i a b i l i t y  o f th e  te c h n iq u e  and m a te r ia l s
b e in g  used in  th e  s tu d ie s  of in h e r i ta n c e  o f  r e s i s t a n c e  to  r a c e s  1, 2 and
*
6 o f b l a s t ,  6 r i c e  v a r i e t i e s ,  whose r e a c t io n  to  th e s e  3 r a c e s  was known 
from  p re v io u s  re s e a rc h  by A tk in s , were in c lu d ed  in  each  o f
th e  in o c u la t io n  t e s t s  conducted  on and s e e d l in g s .  The r e s u l t s  
o b ta in e d  w ith  th e s e  6 check  v a r i e t i e s  a r e  p re s e n te d  s e p a r a te ly  f o r  each 
r a c e .
A. R e a c tio n  o f  Check V a r ie t i e s  to  B la s t  R ace 1.
Each s e e d lin g  of th e  6 v a r i e t i e s  was c l a s s i f i e d  in to  one o f 
th e  6 le s io n  c la s s e s  w hich have been  g e n e r a l ly  adop ted  in  b l a s t  ra c e  r e ­
se a rc h  in  th e  U nited  S t a t e s .  T hese le s io n  ty p e s  were d e s c r ib e d  under 
M a te r ia ls  and M ethods. The r e s u l t s ,  i n  th e  form  o f  fre q u e n c y  d i s t r i b u ­
t io n s  fo r  each  v a r i e ty ,  a re  p re s e n te d  in  T able 1. T hree o f  th e  6 check  
v a r i e t i e s  had been re p o r te d  a s  s u s c e p t ib le  t o  r a c e  1 by A tk in s , e t  a l . ,  
(1 5 ) . These v a r i e t i e s  a re  Z e n i th , C .P . 231 and G u lf ro s e . E xcep t f o r  2 
s e e d l in g s ,  one each o f Z e n ith  and G u lf ro s e , th e  p l a n t s  o f th e s e  3 known 
s u s c e p t ib le  v a r i e t i e s  had e i t h e r  U or 5 ty p e s  o f  l e s io n s .  S in ce  p la n t s  
w ith  th e s e  2 ty p e s  o f le s io n s  a r e  u s u a l ly  d e s ig n a te d  a s  s u s c e p t ib le ,  i t  
was concluded  t h a t  th e s e  3 check v a r i e t i e s  behaved a s  s u s c e p t ib le ,  conse­
q u e n tly  a s  e x p e c te d , in  th e  p re s e n t  r e s e a r c h .  The 2 p l a n t s  w ith  c l a s s  2 , 
o r r e s i s t a n t ,  l e s io n s  were assumed to  be due t o  m ech an ica l m ix tu re .
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Table 1 -  R eac tion  of S ix  R ice V a r ie t ie s  to  B la s t Race 1.
Humber o f p l a n t s  in  Humber o f p l a n t s  in  R e a c tio n  C la s s
V a r ie t i e s  l e s io n  c l a s s e s  d is e a s e  c l a s s e s  Cb-
G 1 2 3 i* 3 R e s i s t a n t  S u s c e p t ib le  t a in e d  Known*
Z e n ith 1 19 kb 1 61* S S
C .P . 231 1*9 1*8 97 s S
G u lfro se 1 13 91 1 101* s s
C a lo ro 1*7 1*3 6 3 99 R R
L ac ro sse 28 1*2 19 6 b 9b 5 R R
Nato 1* 6 10 R R
R e s i s t a n t • le s io n  c l a s s e s 0 ,  1, 2 and 3
S u s c e p t ib le  -  l e s io n  c l a s s e s  ** and b 
R •  R e s i s t a n t  
S •  S u s c e p t ib le
*D ata  frpm  x t k i n s ,  e t  a l . , ( l s ) .
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The o th er 3 check v a r i e t i e s ,  C a lo ro , L acrosse and Mato, had been 
re p o rte d  t o  be r e s i s t a n t  to  ra c e  1. A ll p la n ts  of C&loro and Nato proved 
to  have r e s i s t a n t  type  le s io n s ,  c la s s e s  0 •  3 j a  r e s u l t  in  com plete 
agreem ent w ith  th a t  p re v io u s ly  r e p o r te d . Among 100 s e e d lin g s  te s te d  of 
th e  L acrosse  v a r ie ty ,  a v id e  range occurred in  le s io n  c la s s e s ,  from 0 to  
h . However, 69 p la n ts  were d i s t i n c t l y  r e s i s t a n t ,  le s io n  c la s s e s  0 , 1 
or 2 , and only 5 p la n ts  were p laced  in  th e  s u s c e p tib le  c la s s  U. Con­
se q u en tly , i t  was concluded th a t  L acrosse  behaved p r im a r ily  a s  a r e s i s t ­
an t v a r i e ty ,  in  g e n e ra l agreement w ith  th e  p rev io u s  c l a s s i f i c a t i o n .  The 
rea so n  fo r  th e  occurrence  of 5 p la n t s  in  L acrosse w ith  su s c e p tib le  le s io n s  
was u n c e r ta in .
The f a c t  th a t  th e  g e n e ra l c l a s s i f i c a t i o n  of a l l  of th e  6 check 
v a r i e t i e s  was in  agreem ent w ith  p re v io u s ly  rep o rte d  r e a c t io n s  of th e se  
v a r i e t i e s  in d ic a te s  t h a t  th e  te c h n iq u e s  u t i l i z e d  in  th e  p re se n t s tu d ie s  
were rea so n ab ly  r e l i a b l e  and th a t  th e  fungus i s o la te  used was p ro b ab ly  
r e p re s e n ta t iv e  of b l a s t  race  1.
B. R e ac tio n  of Check V a r ie t ie s  to  B la s t Race 2.
The same 6 r i c e  v a r i e t i e s  which were included  in  th e  t e s t s  w ith  
ra c e  1 were a ls o  t e s te d  fo r  r e a c t io n  t o  race  2 . The r e s u l t s  w ith  ra c e  2 
a re  p re se n te d  in  Table 2 . Again, a s  in  th e  case  of rac e  1, each see i’l in g  
was p laced  in  one of th e  le s io n  c la s s e s  0 - 5  and th e  r e s u l t s  a re  g iven  
fo r  each v a r ie ty  in  th e  form of frequency  d i s t r ib u t io n s .
Four of th e  v a r i e t i e s ,  Z e n ith , C .P . 231, G u lfrose  and N ato, had 
been re p o r te d  to  be r e s i s t a n t  to  ra c e  2 . I t  w i l l  be no ted  from  T able 2 
th a t  th e  r e s u l t s  o b ta in ed  in  th e  p re s e n t  stucty fo r  th e s e  h v a r i e t i e s  were 
in  agreem ent w ith  th o se  re p o rte d  by A tk in s , e t  a l . , ( 1 5 )  a lthough  Nato 
appeared to  be somewhat le s s  r e s i s t a n t  th an  th e  o th er 3 v a r i e t i e s .
Table 2 -  Reaction of Six Rice V arie tie s  to  B last Race 2.
V a r ie t ie s
Number of p la n ts  in  
le s io n  c la s s e s
0 1 2  3 U 5
Number of 
d ise a se  
R e s is ta n t
p la n ts  in
c la s s e s
S u sc e p tib le
R eac tio n  c la s s  
Ob­
ta in e d  Known*
Z en ith 29 6 35 R R
C .P . 231 30 7 37 R R
G ulfrose 31 12 U3 R R
C aloro 30 lh hk S S
Lacrosse 1 6 10 23 3 17 28 1 s
Nato 1 3 3 k 11 R R
R e s is ta n t  * le s io n  c la s s e s  0 , 1, 2 and 3 
S u sc e p tib le  ■ le s io n  c la s s e s  k and 5 
R ■ R e s is ta n t  
S ■ S u sc e p tib le  
1 ■ In co n c lu siv e  r e a c t io n  
*Data from A tk in s , e t  a l.,(1 5 » ) .
U2
The rem aining 2 v a r i e t i e s ,  C aloro  and L acrosse , had been r e ­
p o rted  to  be s u s c e p tib le  to  race  2 . The behaviour of Caloro agreed w ith  
i t s  known re a c t io n , w ith  a l l  p la n ts  p laced  in  le s io n  c la s s e s  U or 5 . Al­
though most p la n ts  of L acrosse were found to  be s u s c e p tib le ,  an a p p re c i­
a b le  number had m oderately  r e s i s t a n t  le s io n . C onsequently , the  re a c t io n  
of L acrosse was considered  to  be inco n c lu siv e  and no t in  agreement w ith  
th e  su sc e p tib le  c l a s s i f i c a t io n  re p o rte d  by A tk in s, e t  a l . , (lj> ).
Since X o f th e  6 check v a r i e t i e s  behaved a s  expected from th e i r  
known re a c t io n , i t  was concluded th a t  th e  techn ique was reasonab ly  r e ­
l ia b le  w ith  race  2 and t h a t ,  as f a r  as  could be determ ined from th e  r e ­
s u l t s ,  th e  fungus c u l tu re  was re p re s e n ta t iv e  of ra c e  2.
C. R eaction  o f Check V a r ie t ie s  to  B las t Race 6 .
Of th e  6 check v a r i e t i e s  used, Z enith  and G ulfrose  has been r e ­
p o rted  to  be r e s i s t a n t  to  ra c e  6 and th e  o ther h were re p o rte d  as being 
s u s c e p t ib le .  The r e s u l t s  ob tained  in  th e  p re se n t re se a rc h  a re  shown in 
Table 3» As expec ted , Z en ith  and G ulfrose  behaved as r e s i s t a n t  v a r i e t i e s  
and a l l  p la n ts  o f Nato were su s c e p tib le .
However, each of th e  presumably su sc e p tib le  v a r i e t i e s  C .P . 231, 
C aloro  and Lacrosse con ta ined  some p la n ts  w ith  d i s t i n c t ly  r e s i s t a n t  le s io n s . 
Because only a  sm all p e rcen tag e  of th e  p la n ts  o f C .P . 231 and C aloro  were 
m oderately  r e s i s t a n t  w hile  th e  m a jo rity  were su sc e p tib le  th e se  2 check 
v a r i e t i e s  were c la s s i f i e d  a s  su s c e p tib le  and th e i r  behavior was considered  
to  be in  g e n e ra l agreement w ith  th e  p re v io u s ly  rep o rte d  r e s u l t s .  The 
o f f - ty p e  r e s i s t a n t  p la n ts  in  th ese  v a r i e t i e s  may have r e s u l te d  from me­
c h a n ic a l m ix tu re .
The re a c t io n  o f L acrosse to  ra c e  6 was s im ila r  to  th a t  d escribed
p re v io u s ly  fo r  race  2 . A h igh  frequency o f bo th  r e s i s t a n t  and s u s c e p ti­
b le  p la n ts  was found, in c lud ing  some th a t  appeared to  be h ig h ly  r e s i s t a n t .
Table 3 - Reaction of Six Rice V arie ties  to  B last Race 6.
Number of p la n ts  in  Number of p la n t s  in  R eac tio n  c la s s  
V a r ie t ie s  le s io n  c la s s e s  d ise a se  c la s s e s  Gb~
0 1 2  3 6 5 R e s is ta n t  S u sc e p tib le  ta in e d  Known#
Z en ith 23 29 2 9k R R
C .P . 231 2 6 99 13 6 72 S S
G ulfro se 29 63 10 72 R R
C aloro 3 29 56 3 81 S S
L acrosse 2 3 21 21 36 67 36 I S
Nato 10 13 23 s s
R e s is ta n t  ■ le s io n  c la s s e s  0 t 1, 2 and 3 
S u sc e p tib le  * le s io n  c la s s e s  6 and 5 
R ■ R e s is ta n t  
S ■ S u sc e p tib le  
I  -  In co n c lu siv e  r e a c t io n  
♦Data from x tk in s ,  e t  a l . , ( 1 5 ) .
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C onsequen tly , th e  b eh av io r o f L acrosse  was c l a s s i f i e d  a s  in c o n c lu s iv e . 
(A lthough L acro sse  had been re p o r te d  a s  s u s c e p t ib le  by A tk in s  e t  a l . , ( l 5 ) >  
D r. A tk in s  h as  in d ic a te d  o r a l ly  t h a t  L acrosse  f r e q u e n tly  f a i l s  to  g iv e  
a  c le a r  c u t b eh av io r as a  s u s c e p t ib le  v a r i e ty  in  r e a c t io n  to  ra c e  6 ) .
I t  was concluded from  th e  r e s u l t s  o b ta in ed  w ith  th e  check v a r i e ­
t i e s  t h a t  th e  tec h n iq u e  adopted  was s a t i s f a c to r y  f o r  use w ith  ra c e  6 and 
t h a t  th e  fungus i s o l a t e  behaved a s  would be expec ted  o f t h i s  r a c e .
2 . In h e r i ta n c e  o f R e ac tio n  to  B la s t  R aces 1, 6 and 2 in  th e  
c ro s s  C o lusa  x M ira .
The r i c e  v a r i e t i e s  C olusa and N ira were known from p re v io u s  r e p o r t s  
to  d i f f e r  in  r e a c t io n  t o  each o f  th e  U .S . b l a s t  r a c e s  1, 2 and 6 . In ­
h e r i ta n c e  o f r e a c t io n  to  th e  3 r a c e s  was s tu d ie d  s e p a ra te ly ,  u t i l i z i n g  
p o p u la tio n s  o f th e  2 p a r e n ta l  v a r i e t i e s  a long  w ith  th o se  o f th e  F2 and 
F-j d e riv e d  from  a c ro s s  betw een C o lusa  and N ira .
a .  In h e r i ta n c e  o f  R e ac tio n  to  B la s t  Race 1 .
The p a r e n t s ,  C olusa and N ira , had been  re p o r te d , a s  be ing  d i f f e r e n t  
in  t h e i r  r e a c t io n  to  b l a s t  ra c e  1, w ith  C olusa be ing  r e s i s t a n t  and N ira  
s u s c e p t ib le .
a .  R e a c tio n  o f th e  P a re n ts  and F2 S e e d lin g s  to  B la s t  Race 1.
' In  T able U a re  g iven  th e  r e s u l t s  fo r  th e  C o lusa  and N ira  p a re n ts  
and th e  F2 p o p u la t io n  from  in o c u la t io n  t e s t s  w ith  ra c e  1. The 20 p la n ts  
t e s te d  o f  C o lu sa  ranged  in  le s io n  ty p e  from 0 to  2 , in d ic a t in g  t h a t  t h i s  
p a re n t  was h ig h ly  r e s i s t a n t  t o  ra c e  1. On th e  o th e r  hand , N ira  was com­
p l e t e l y  s u s c e p t ib le  t o  ra c e  1, w ith  a l l  o f  th e  20 p la n t s  t e s te d  showing 
le s io n  ty p e s  U or $ .  Thus, a lth o u g h  th e r e  was some v a r i a t i o n  among p la n ts
T able 4  -  R eac tio n  of th e  P a ren ts  (C olusa and N ira ) and Fj> P o p u la tio n
to  B la s t Race 1,
P o p u la tio n
Nwber o f p la n ts  
le s io n  c la s s e s




d ise a se  
R e s is ta n t
p la n ts  in  
c la s s e s  ♦ 
S u sc e p tib le
Colusa 8 11 1 20
N ira 8 12 20
F2 70 1U1 55 8 U8 29 266 77
^D isease  c la s s i  R e s is ta n t  in c lu d e s  le s io n  ty p e s  0, 1 and 2
S u sc e p tib le  in c lu d es  le s io n  ty p es  4 and 5 .
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w ith in  each p a re n t ,  th e  d if fe re n c e  between th e  p a re n ts  in  r e a c t io n  to  
ra c e  1 was very  marked and should be w e ll s u i te d  to  a stucty of in h e r i t ­
ance. The v a r ia t io n  among p la n ts  w ith in  each p a re n t i s  assumed to  have 
been caused by sm all environm ental d i f f e r e n c e s .
The p o p u la tio n  te s te d  c o n s is te d  of 331 s e e d lin g s . As shown 
in  Table k : a l l  except 8 of th e se  se e d lin g s  had le s io n  ty p e s  w ith in  th e  
l im i ts  of th e  C olusa and N ira  p a re n ts ,  0 , 1 and 2 fo r  C olusa and U and 3 
fo r  N ira . I t  i s  ap p aren t from th e  F2 d a ta  t h a t ,  d e sp ite  th e  con tinuous 
range among th e  p la n t s ,  th e  F2 p o p u la tio n  had a bim odal d i s t r ib u t io n ,  th e  
p r in c ip le  mode being  in  th e  type  1 le s io n  c la s s  and a second mode in  th e  
type  U le s io n  c l a s s .  T h is  su g g ests  a q u a l i t a t iv e  form of in h e r i ta n c e  w ith  
dominance or r e s i s ta n c e  over s u s c e p t ib i l i t y .
I f  th e  F2 p la n ts  in  th e  0 , 1 and 2 le s io n  c la s s e s ,  which were 
r e p r e s e n ta t iv e  of th e  C olusa p a re n t ,  a re  combined and d esig n a ted  r e s i s t a n t  
w hile  p la n t s  in  th e  1* and 3 le s io n  c la s s e s  and r e p re s e n ta t iv e  of th e  N ira 
p a re n t a re  combined and d esig n a ted  s u s c e p t ib le ,  th e re  a re  266 r e s i s t a n t  
and 77 s u s c e p tib le  s e e d lin g s . T h is i s  s tro n g ly  su g g estiv e  of a  r a t i o  of 
3 r e s i s t a n t  (resem bling  th e  C olusa p a re n t)  to  1 s u s c e p tib le  (resem bling
th e  N ira p a re n t ) .  The p ro b a b i l i ty  fo r  f i t  o f th e  o b ta in ed  number of a 
3:1 r a t i o  was between 0 .30  and 0 .2 0 , in d ic a tin g  a rea so n ab ly  c lo se  a g re e ­
m ent. Thus, th e  F2 r e s u l t s  p rov ide  evidence th a t  r e s i s ta n c e  o f C olusa to  
ra c e  1 i s  governed by a s in g le  dominant gene.
I t  should be p o in te d  out th a t  th e  8 F2 s e e d lin g s  w ith  type  3 
le s io n s  were ignored in  th e  g e n e tic  in te r p r e ta t io n  of th e  r e s u l t s .  The 
number was to o  sm all to  be o f s ig n if ic a n c e  in  th e  in te r p r e ta t io n  and, 
s in c e  n e i th e r  o f th e  p a re n ts  had se e d lin g s  in  t h i s  c la s s  and c la s s  3 was 
in te rm e d ia te  betw een th e  p a re n ts ,  i t  was no t p o s s ib le  to  determ ine w hether 
f o r  g e n e tic  an a ly s is*  th e s e  se e d lin g s  should be co n sid ered  a s  r e s i s t a n t
h i
or s u s c e p t ib le .
D e sp ite  th e  ev id en ce  fo r  s e g re g a t io n  o f one p a i r  o f  g e n e s , th e  
r e s u l t s  in d ic a te  t h a t  th e  freq u en cy  o f  F2 s e e d l in g s  under each  le s io n  
ty p e  i s  n o t th e  same as in  th e  p a r e n t s .  For exam ple, on ly  5% o f th e  C o lu sa  
p l a n t s  had ty p e  2 le s io n s  w h ile  15* o f th e  r e s i s t a n t  F2 p l a n t s  had t h i s  
ty p e  o f l e s io n .  An even g r e a te r  d i f f e r e n c e  i s  shown among p l a n t s  w ith  
ty p e s  k  and 5 l e s io n s .  In  th e  N ira  p a r e n t ,  m ost s e e d l in g s  had th e  m ost 
s u s c e p t ib le  ty p e  5 le s io n  w h ile  among th e  77 s u s c e p t ib le  F2 p l a n t s  m ost 
had ty p e  U l e s io n s .  I t  i s  obv ious t h a t  th e  r e s i s t a n t  and s u s c e p t ib le  F2 
s e e d lin g s  were no t g e n e t ic a l l y  i d e n t i c a l  t o  th e  C olusa  and N ira  p a r e n t s ,  
r e s p e c t iv e ly .  T h is  sm a ll d i f f e r e n c e  canno t be accoun ted  f o r  by a  s in g le  
p a i r  o f  g e n e s . The most l i k e ly  e x p la n a t io n  fo r  t h i s  d i f f e r e n c e  i s  t h a t
t
th e  d eg ree  o f r e s i s t a n c e  or s u s c e p t i b i l i t y  was in f lu e n c e d  s l i g h t l y  by one 
or more m inor or m odify ing  g e n e s .
b .  R e a c tio n  o f th e  p a re n ts  and 212 F3 L in es t o  B la s t  Race 1.
In  o rd e r  to  o b ta in  a d d i t io n a l  in fo rm a tio n  c o n ce rn in g  in h e r i ta n c e  
o f r e a c t io n  to  ra c e  1 , s e e d l in g s  o f th e  p a re n ts  and 212 F3 l i n e s  were 
in o c u la te d  w ith  t h i s  r a c e .  The r e s u l t s  a re  p re s e n te d  in  T able  5* A ll  69 
s e e d l in g s  o f C o lu sa  showed a  s t ro n g ly  r e s i s t a n t  r e a c t i o n ,  w ith  m ost p l a n t s  
hav ing  O ty p e  le s io n s  and none b e in g  more s u s c e p t ib le  th a n  ty p e  2 . Of 
85 s e e d lin g s  r e p r e s e n t in g  th e  N ira  p a r e n t ,  80 were c l a s s i f i e d  as su scep ­
t i b l e ,  ty p e s  U and 5 l e s io n s ,  and 5 w ere m o d e ra te ly  r e s i s t a n t ,  ty p e  3 
l e s io n s .  The o c cu rren c e  o f a  low fre q u e n c y  o f  N ira  s e e d l in g s  w ith  moder­
a t e l y  r e s i s t a n t  ty p e  3 l e s io n s  su g g e s ts  t h a t  under th e  c o n d it io n s  o f 
th e s e  t e s t s  a  g e n e t ic a l ly  s u s c e p t ib le  p la n t  may a ls o  have shown ty p e  
3 l e s io n s ,  g e n e ra l ly  in te r p r e te d  a s  in d ic a t in g  r e s i s t a n c e ,  a lth o u g h  i t
Table 5 -  Reaction of Parents and 212 F j  Lines to  B last Race 1.
Number o f p la n ts  in Number of p la n t s  in
P a re n t or le s io n  c la s s d ise a se  c la s s *  Genotype*
l in e o 1 2 3 1* 5 R MR S
C olusa 51* 29 6 89
N ira 5 33 1*7 3 80
1 9 9 ■ 2 20 Hi
5 13 2 15 m
12 1* 12 16
m 16 3 19 m
18 7 11 18 m
21 16 2 18 HR
21* 16 3 1 20 m
25 10 9 19 - m
26 11* 1 15 m
28 16 1 17 m
i*o 11* 3 17 m
1*2 17 1 18 m
1*7 16 1* 20 m
1*9 16 16 m
51 17 2 19 m
53 12 1* 16 m
62 8 12 20 m
63 1* 10 1* 18 m
72 12 5 1 18 m
73 9 6 18 m
77 6 13 1 20 m
78 6 9 2 19 m
81 3 13 1 17 HA
8? 5 13 20 m
90 6 13 19 m
96 7 13 20 • m
100 6 12 2 20 m
102 8 11 19 m
105 2 12 1* 18 Hi
108 13 7 20 Hi
121 11* 6 20 Hi
130 13 6 19 Hi
133 12 8 20 Hi
11*3 15 3 18 m
11*1* 13 1* 19 Hi
11*6 12 8 20 HR
1*8
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Table $ .  (Continued)
Number o f p l a n t s  in  Number o f p la n ts  in
P a re n t or le s io n  c la s s  d is e a s e  c lass '*  lienotype*
l in e 0 1 2 3 6 5 R NR 6
1U7 17 2 19 Ml
l i>2 17 3 20
1>6 5 9 3 - 17
i?d 10 7 1 18 m
139 7 9 1 17 m
160 10 8 1 19 M
166 12 6 20 m
173 3 8 9 20 m
177 6 11 3 20 m
182 7 11 2 20 m
193 9 10 1 20 Ml
198 8 11 1 20 m
202 9 7 2 18 m
203 8 11 19 m
206 5 12 2 19 *
209 7 9 6 20 m
211 3 9 6 16 m
216 5 10 6 19 m
227 5 10 5 20 m
228 6 10 6 20 m
e> 6 12 3 16 3 H
116 8 5 3 1 16 1 •H
167 7 10 3 17 3 h
183 3 l i 2 1 18 1 h
6 11 6 3 2 13 3 H
7 6 10 6 lk 6 H
11 8 6 3 16 3 H
13 10 3 2 3 15 3 H
1* 15 1 6 16 6 H
16 10 5 6 15 6 H
20 6 10 6 16 6 H
22 7 10 1 2 16 2 H
23 7 9 2 2 16 6 H
27 6 9 1 3 1 16 U h
29 11 3 1 6 16 5 H
30 9 8 3 17 3 ti
35 6 11 2 17 2 H
36 3 6 1 2 6 9 1 8 H
37 3 5 1 2 2 5 9 2 7 H38 6 10 3 16 3 H
39 12 3 6 15 6 H
ill* 8 9 2 l 17 3 H65 9 5 2 6 16 6 H66 12 3 2 15 2 H
Table 3» (C ontinued)
Number of p la n t s  in  Number of p la n ts  in
P a re n t or le s io n  c la s s  d ise a se  c la s s *  Genotype*
l in e 0 1 2 3 h 3 h MK S
36 10 3 2 3 13 7 H
37 3 k 1 1 3 3 10 1 8 h
3b 2 6 2 2 1 3 12 2 6 .H
3 9 1 3 U 2 1 1* 0 2 3 ti
60 3 J 3 3 13 3 ti
61* 3 6 6 U 9 6 1* ti
67 2 u 9 3 6 9 3 H
68 . 7 3 3 1 l . 17 2 H
70 8 7 2 - 3 17 3 H
71 3 1* ' 3 2 1 3 11* 2 1* H
76 2 k 7 2 2 6 7 1* H
80 3 6 5 2 2 2 11* 2 1* H
82 2 1* 6 2 2 1 12 2 3 H
63 9 1* 3 2 1 13 3 3 H
ai* 3 3 2 U 1* 2 8 1* 6 H
87 2 9 1 1 1 2 12 1 3 H
88 3 6 2 2 2 11 1* H
91 1 7 6 2 1* 11* 6 H
93 3 5 3 3 3 1 13 3 i* H
9k 2 6 1* 3 3 12 j ■ 3 H
93 3 3 2 3 3 10 2 6 ti
101 1 3 7 2 3 2 13 2 5 H
103 6 l* 1* 1 3 10 1* 6 h
10? 3 6 6 2 3 13 2 3 H
110 1 3 k k 3 3 6 U 6 H
112 2 3 6 2 1 1 13 2 2 H
113 2 k 3 i* 1 11 3 H
118 3 8 1 2 3 l j 1 3 H
119 3 9 3 3 2 13 3 ti
120 3 9 1 3 2 13 3 ti
122 k 6 3 3 J* 13 3 1* ti
12U 9 6 3 17 3 ti
129 3 3 3 7 6 3 7 H
131 11 1* 2 2 13 i* . H
132 8 6 2 1* 11* 2 1* H
131* 6 11 3 17 3 H
135 6 6 1* 3 12 1* 3 H
136 5 8 3 3 13 6 H
138 5 10 1 2 1 16 3 H
139 1* 5 1 2 7 10 2 7 H
11*5 6 6 3 3 12 3 3 H11*6 3 9 2 1 1 2 U* 1 3 H
11*9 2 9 2 5 2 13 7 H1?0 2 10 1 k 2 1 13 1* 3 H
T able  5* (C ontinued)
Number of p l a n t s  in  Number o f  p la n t s  in
P a re n t or le s io n  c la s s  d is e a s e  c la s s *  Genotype*
l in e  0 1 2 3 4 5 R M R S
153 8 7 1 2 2 16 4 H
154 4 6 1 7 2 11 7 2 H
155 13 6 13 6 H
157 4 10 1 3 2 15 3 2 H
161 7 10 1 2 17 H
162 1 12 2 1 J 15 1 H
l6 i 7 6 1, t 17 1 2 H
16it 5 8 1 5 13 1 5 ti
165 4 8 1 3 4 13 3 4 H
166 4 10 1 5 14 1 5 H
170 6 6 2 2 14 2 H
171 4 10 1 1 3 1 15 1 4 H
175 2 10 4 1 2 16 3 H
176 2 6 5 4 2 13 6 H
179 1 8 3 3 2 12 5 ti
180 3 5 6 1 3 2 14 5 H
186 3 8 3 1 3 2 14 1 5 H
188 2 8 4 1 2 1 14 1 3 H
190 3 8 5 1 1. 2 16 1 3 H
192 7 7 2 2 1 16 3 ti
194 3 5 5 5 8 5 5 ti
195 1 4 7 5 2 5 7 7 ti
196 3 3 4 1 12 5 ti
197 2 7 6 1 3 1 15 1 4 ti
200 1 5 6 1 2 4 12 1 6 ti
205 5 4 1 2 17 1 2 ti
210 3 5 2 1 5 1 10 1 6 ti
212 2 5 4 3 3 11 3 3 ti
213 6 2 2 17 2 H
217 3 3 6 6 6 H
220 3 7 3 1 4 2 13 1 6 H
222 2 5 6 3 3 13 3 3 H
223 4 7 3 1 3 14 1 3 H
225 5 10 5 5 10 5 H
229 3 9 1 3 1 13 4 ti
230 3 9 2 4 14 4 ti
233 6 9 3 1 6 9 4 H
137 1 9 10 1 19 HS
199 2 8 8 2 16 HS221 2 13 5 2 18 HS224
43L Q
1 17 2 1 19 HS
1 10 9 1 19 HS48
50
1 3 16 1 19 HS
1 12 4 1 16 HS
52
Table 3* (Continued)
Number of p la n ts  in  Number of p la n ts  in
P a ren t or le s io n  c la s s  d ise a se  c la s s  Genotype*










































11 1 17 HS
5 1 19 HS
9 1 19 HS








































T a b le  (C o n t in u e d )
P a r e n t  o r
U unber o f  p l a n t s  in  
l e s i o n  c l a s s
Number o f  p l a n t s  in  
d i s e a s e  c l a s s 4. G en o ty p e*
l i n e 0 1 2 3 U 5 R MR S
232 10 8 18 HS
23h 15 5 20 HS
^ D is e a s e  c l a s s :  R -  R e s i s t a n t
■ M o d e ra te ly  R e s i s t a n t  
S ■ S u s c e p t ib l e  
* G e n o ty p e ; tH  m hd lnozygous R e s i s t a n t  
H ■ h e te r o z y g o u s  
HS ■ hom ozygous S u s c e p t i b l e
»
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i s  a lso  p o ss ib le  th a t  th e  5 seed lin g s  of N ira which had type 3 r e a c tio n s  
were th e  r e s u l t  of m echanical m ix tu re .
R e su lts  w ith  th e  F^ l in e s  a re  g iven  in Table 3 in  the  form of 
number of p la n ts  having each le s io n  type and numbers of r e s i s t a n t  moder­
a te ly  r e s i s t a n t  and su sc e p tib le  p la n ts  p e r l in e .  Among th e  212 F^ l in e s  
t e s te d ,  56 had se ed lin g s  w ith  only types 0 , 1 and 2 le s io n s  and consequent­
ly  were s im ila r  to  the  C olusa p a re n t . These l in e s  were th e re fo re  con­
s id e re d  as being homozygous r e s i s t a n t  and a re  l i s te d  f i r s t  in  Table 5»
A second group, c o n s is t in g  of 105 l in e s ,  con ta ined  seed lin g s  
re p re se n tin g  bo th  p aren t types o f le s io n s .  A fu r th e r  c h a r a c te r i s t i c  of 
th e se  l in e s  was th a t  a m a jo rity  o f th e  p la n ts  in  each l in e  had r e s i s t a n t  
type  le s io n s  o f c la s s e s  0 , 1 or 2 . T h is group of l in e s  was considered  to  
be heterozygous fo r  a l l e l e s  governing re s is ta n c e  and s u s c e p t ib i l i ty  from 
th e  2 p a re n ts  w ith  dominance of th e  r e s i s t a n t  a l l e l e .  There were h F j 
l in e s ,  numbers dp, 116, 167 and l d j ,  which had 1 or more p la n ts  under
le s io n  c la s s  3 and th e  r e s t  of th e  p la n ts  under le s io n  c la s s e s  0 , 1 or 2
c h a r a c te r i s t i c  of th e  C olusa p a re n t .  S ince th e  su sc e p tib le  p a re n t ,  N ira , 
had some p la n ts  in  le s io n  c la s s  3 , th e se  U l in e s  were considered  to  be 
most l ik e ly  heterozygous and a re  th e re fo re  included as having t h i s  geno­
ty p e . The behaviour of th e  Fj l in e  number 155 was not very  ty p ic a l  when
compared to  th e  r e s t  of th e  F^ heterozygous l in e s ,  but since  i t  could not
be c a lle d  homozygous s u s c e p t ib le ,  i t  was considered  as a  heterozygous l in e .
Among th e  105 F^ l in e s  considered  as heterozygous, 1,729 p la n ts  
were p laced  e i th e r  in  r e s i s t a n t  le s io n  c la s s e s  0 , 1 and 2 or su sc e p tib le  
le s io n  c la s s e s  U and 5 . (P la n ts  w ith  le s io n  c la s s  3 a re  not included 
because of th e  d i f f i c u l t y  of determ ining  whether th ese  p la n ts  were r e s i s t ­
an t or s u s c e p t ib le ) .  . Among th e  1,729 p la n t s ,  1,296 were r e s i s t a n t
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( ty p es  0 , 1 and 2) and b33 were s u s c e p tib le  ( ty p e s  b and 3 ) .  T h is i s  a
c lo se  f i t  to  a 3 :1  r a t i o ,  w ith  a p r o b a b i l i ty  between .9 8  and . 93 *
Four F j l i n e s ,  numbers 137, 199* 221 and 22b, had only s e e d lin g s  
w ith  su s c e p tib le  r e a c t io n s ,  except fo r  1 or 2 in  c la s s  2 . Because of th e  
extrem ely  low frequency  of r e s i s t a n t  p l a n t s ,  th e se  b l in e s  could  n o t be 
c la s s i f i e d  as heterozygous w ith  dominance of r e s i s t a n c e .  C onsequently , 
in  s p i te  o f th e  occurrence  of r e s i s t a n t  p la n ts  in  th e se  l i n e s ,  th ey  were 
considered  a s  probably  being  homozygous s u s c e p t ib le .
The rem aining b7 F^ l in e s  behaved l ik e  th e  N ira p a re n t .  These 
l in e s  were a ls o  co n sid ered  to  be homozygous s u s c e p t ib le .
In summary, i t  appeared th a t  among th e  212 F^ l in e s  56 were 
homozygous r e s i s t a n t ,  105 were heterozygous and 51 were homozygous su s­
c e p t ib le .  T h is i s  a good f i t  to  a r a t i o  of 1 homozygous r e s i s t a n t  : 2
heterozygous : 1 homozygous s u s c e p t ib le ,  w ith  a p ro b a b i l i ty  betw een .9 0  
and . 8 0 . The expected  numbers fo r  a 1 :2 :1  r a t i o  a re  53 homozygous r e s i s t ­
a n t ,  106 he te rozygous and 53 homozygous s u s c e p tib le  l in e s .
The r e s u l t s  ob ta in ed  w ith  th e  F j l in e s  p rov ided  s tro n g  evidence 
to  confirm  th e  te n ta t iv e  c o n c lu sio n  drawn from F^ d a ta  th a t  th e  r e s i s ta n c e  
o f C olusa to  ra c e  1 i s  governed by a s in g le  dominant gene.
However, among th e  r e s u l t s  fo r  th e  F^ l in e s  te s te d  th e re  was some 
evidence fo r  s e g re g a tio n  o f one or more m o d ifie r  genes in  a d d it io n  to  th e  
m ajor p a ir  d e sc rib e d  above. The evidence fo r  t h i s  can be seen  in  th e  be­
hav iour of th e  C olusa p a re n t in  com parison w ith  s e v e ra l  of th e  a p p a re n tly  
homozygous r e s i s t a n t  F^ l in e s .  As p o in te d  out e a r l i e r ,  a  m a jo r ity  o f th e  
C olusa p la n ts  had ty p e  0 le s io n s .  Yet in  homozygous r e s i s t a n t  l in e s  
such as nim bers 12 , lb ,  18 , 62, 6 3 , 77 and 81 most or a l l  of th e  se e d lin g s  
had 1 and 2 type  l e s io n s .  These l in e s  a re  a p p a re n tly  homozygous fo r  th e
56
m ajer gene f a r  r e s i s ta n c e  from C olusa b u t p osses m o d ifie rs  from  N ira 
which reduce somewhat th e  e f fe c t iv e n e s s  of th e  major gene.
B. In h e r ita n c e  of R eac tion  to  B las t Race 6 .
The p a re n ts ,  C olusa and N ira , had been re p o r te d  as being  d i f f e r e n t  
in  t h e i r  r e a c t io n  to  b la s t  ra c e  6, w ith  C olusa being s u s c e p tib le  and N ira 
r e s i s t a n t .
a .  R eac tio n  of th e  P a re n ts  and Fg S eed lings to  B la s t Race 6.
The r e s u l t s  of C olusa and N ira  and an F^ p o p u la tio n  from inocu­
la t io n  t e s t s  w ith  ra c e  6 a re  g iven  in  T able 6 . From th e  21 C olusa seed­
l in g s  t e s te d ,  a l l  had le s io n  type  b and 5 in d ic a tin g  a h ig h ly  su s c e p tib le  
r e a c t io n  fo r  t h i s  p a re n t to  ra c e  6. For N ira , a l l  o f  th e  21 p la n ts  te s te d  
had le s io n  ty p e s  0 to  j ,  in d ic a tin g  th a t  i t  i s  r e s i s t a n t  to  t h i s  r a c e . 
However, because an a p p re c ia b le  number of N ira p la n ts  had le s io n  types 
2 and 3 , i t  ap p ea rs  th a t  t h i s  v a r ie ty  i s  only  m oderately  r e s i s t a n t  to  
ra c e  6 . There i s  no overlapp ing  in  th e  le s io n  ty p es  between th e  p a re n ts  
and th e y  p re s e n t  a r a th e r  d i s t i n c t  type  o f r e a c t io n .  S ince th e  r e s u l t s  
w ith  th e  ra c e  6, a s  seen in  Table b , show th a t  th e  r e s i s t a n t  p a re n t ,
N ira , had 2 p la n t s  under th e  le s io n  type  3,  th e  d is e a s e  c la s s e s  were 
th e r e fo re  grouped w ith  le s io n  ty p e s  0 to  3 as r e s i s t a n t  and le s io n  U and 
$ a s  s u s c e p t ib le .
The lew degree o f v a r ia t io n  among th e  p la n ts  o f C olusa in d ic a te s  
th a t  t h i s  p a re n t was homozygous fo r  s u s c e p t ib i l i t y  and th a t  th e  s u s c e p ti­
b le  genotype was in flu en ced  v e ry  l i t t l e  in  ex p re ss io n  by environm ental 
d i f f e r e n c e s .  Qi th e  o th e r hand, th e  wide range in  le s io n  c la s s e s  among
T ab le  6 -  R e a c tio n  o f  th e  P a re n ts  (Colusa.
to  B la s t  Race
and N ira) 
6 .
and ? 2  P o p u la tio n
Nuaber o f p l a n t s  in Number o f p l a n t s  in
P o p u la t ion le s io n  c la s s e s d is e a s e c la s s *
0 1 2  3 ^ 5 R e s i s ta n t S u s c e p tib le
C o lu sa li* 7 21
N ira 5 « 6 2 21
*2 29 67 81 50 6? 22 2U7 89
^D isease  c l a s s :  R e s i s t a n t  in c lu d e s  le s io n  ty p e s  0 t o  3
S u s c e p t ib le  in c lu d e s  le s io n  ty p e s  1; and 5
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th e  21 p la n ts  o f N ira suggest t h a t ,  a lthough  i t  is  c le a r ly  r e s i s t a n t ,  th e  
degree of r e s i s ta n c e  expressed  by th e  N ira  genotype i s  su b je c t to  con­
s id e ra b le  environm ental in f lu e n c e . However, i t  i s  s t i l l  apparen t th a t  
th e  C olusa x N ira hybrid  should p rov ide  m a te r ia l  th a t  i s  rea so n a b ly  w e ll 
s u ite d  fo r  a study. in h e r i ta n c e  of r e a c t io n  to  ra c e  6 .
The F2  p o p u la tio n  te s te d  fo r  ra c e  6 c o n s is te d  of a t o t a l  o f 336 
s e e d lin g s . As can  be seen  in  T able 6 , th e re  were 21*7 se e d lin g s  under 
th e  le s io n  ty p es  0 to  3 , th e  same r e a c t io n  a s  in  th e  r e s i s t a n t  p a re n t ,  
N ira . The rem aining 89 s e e d lin g s  had le s io n  ty p e  k or 5 and behaved l ik e  
th e  s u s c e p tib le  p a re n t ,  C o lusa . I t  i s  e v id e n t from th e se  r e s u l t s  t h a t ,  
a lthough  th e re  was a continuous ran g e  in  th e  le s io n  c la s s e s  of th e  Fg 
p o p u la tio n , i t  had a bim odal d i s t r ib u t i o n ,  th e  h ig h e s t  mode f a l l i n g  under 
le s io n  c la s s e s  1 and 2 and on a  second, low er; mode under le s io n  c la s s  1*. 
T h is su ggests  a q u a l i t a t iv e  form of in h e r ita n c e  w ith  dominance o f r e ­
s is ta n c e  over s u s c e p t ib i l i t y .
I f  th e  p la n ts  under le s io n  c la s s e s  0 to  3 a re  co n sid ered  to  be 
s im ila r  to  th e  r e s i s t a n t  p a re n t ,  N ira , and a re  d e s ig n a ted  as r e s i s t a n t  
w hile  th e  p la n ts  w ith  le s io n  c la s s e s  h and 5 a re  co n sid ered  to  be s im ila r  
to  th e  s u s c e p tib le  p a re n t ,  C o lusa , and a re  d e s ig n a ted  s u s c e p t ib le ,  th e re  
a re  21*7 r e s i s t a n t  and ti? s u s c e p tib le  s e e d lin g s . These r e s u l t s  in d ic a te  
s tro n g ly  a  r a t i o  of 3 r e s i s t a n t ,  resem bling  th e  N ira  p a re n t ,  t o  1 su s­
c e p t ib le ,  resem bling  th e  C olusa p a re n t .  The p r o b a b i l i ty  fo r  f i t  o f  th e  
o b ta ined  number to  a  3*1 r a t i o  was between 0 .60  and 0 .3 0  in d ic a t in g  a 
rea so n ab ly  c lo se  agreem ent. Thus, th e  F2 r e s u l t s  p ro v id e  ev idence th a t  
th e  m oderate r e s i s ta n c e  of N ira  to  ra c e  6 i s  governed by a  s in g le  domi­
nan t gene.
However, th e  r e s u l t s  in  Table 6 in d ic a te  t h a t  th e  frequency  of
se e d lin g s  under each le s io n  ty p e  i s  not th e  same as in  th e  p a re n ts .  A 
much h ig h e r frequency of th e  r e s i s t a n t  F2 p la n ts  were p laced  in  le s io n  
type 3 th a n  was th e  ca se  fo r  th e  p la n ts  of Nira* There was a c o r r e ­
sponding lower frequency  of F2 p la n ts  w ith  0 ty p e  le s io n s  th a n  in  N ira .
T h is d if f e re n c e  can be accounted fo r  by incom plete dominance fo r  r e s i s ta n c e  
or by th e  in flu en ce  o f minor genes oh e x p re ss io n  of th e  m ajor gene fo r  
r e s i s t a n c e .  The same s tro n g  e f f e c t  of environm ent on e x p re ss io n  o f th e  
N ira source of r e s i s ta n c e  to  ra c e  6 was e v id e n t in  th e  Fg.
b . R eac tio n  of th e  P a re n ts  and 156 F^ L ines to  B la s t Race 6 .
In  o rder to  complement th e  in fo rm a tio n  concern ing  in h e r i ta n c e  of 
r e a c t io n  to  ra c e  6 , se e d lin g s  o f th e  p a re n ts ,  N ira and C o lusa , and 156 
l in e s  were in o c u la te d  w ith  t h i s  r a c e .  T h e .r e s u l ts  a re  p re se n te d  in  
Table 7* A ll o f th e  60 s e e d lin g s  o f th e  N ira  p a re n t had le s io n  ty p e s  0 
to  3 and a re  co n sid ered  a s  r e s i s t a n t .  Again a s  in  th e  F2 s tu d ie s ,  th e  
p la n ts  of N ira showed a wide range  in  r e a c t io n  from ex trem ely  r e s i s t a n t  
t o  only in te rm e d ia te  or m odera te ly  r e s i s t a n t  behavior to  rac e  6 . The su s­
c e p t ib le  p a re n t to  ra c e  6 , C o lu sa , had a l l  th e  62 s e e d lin g s  under le s io n  
ty p es  U or 5 , in d ic a t in g  th a t  C o lusa  i s  s t ro n g ly  s u s c e p t ib le  t o  t h i s  r a c e .
S ince 25^ of th e  N ira  p la n ts  t e s te d  had type  3 l e s io n s ,  i t  i s  
n e ce ssa ry  in  th e  d ise a s e  c l a s s i f i c a t i o n  o f F j p la n ts  to  in c lu d e  th e  le s io n  
ty p e s  0 to  3 as r e s i s t a n t  w hile  th e  le s io n  ty p es  ii or 5 in d ic a te  F^ p la n ts  
a s  s u s c e p tib le  a s  th e  C olusa p a re n t .
In  T able 7 , th e  r e s u l t s  w ith  th e  F^ l in e s  a re  g iven  in  th e  form 
o f number p la n t s  having each le s io n  ty p e  and number o f r e s i s t a n t  and su s­
c e p t ib le  p la n ts  p e r  l in e .  Among th e  156 F^ l in e s  te s te d  w ith  ra c e  6 , 32 
had se e d lin g s  w ith  type  0 to  3 le s io n s  o n ly , th u s  were s im ila r  t o  th e  N ira
Table 7 -  Reaction of Paren ts and 156 Lines to  B last Race 6.
Number o f p l a n t s  in  N inber o f p l a n t |  in  
P a re n t  or le s io n  c la s s  d is e a s e  c la s s  Genotype*
l in e 0 1 2 3 a 5 R e s is ta n t S u s c e p tib le
N ira a 22 15 15 60
C olusa 20 a2 62
U a 6 5 2 17 m
10 a 11 3 1 19 m
13 6 7 a 1 18 m
1h 6 0 a 16 m
1? 3 8 3 1 15 m
21 7 9 2 Id m
2d 2 a 6 16 Hi
3d a 7 3 id m
39 1 n 5 17 Hi
U3 7 n 2 20 m
i>3 k " 6 5 1 16 m
61 3 11 5 19 Hi
73 3 5 5 2 15 Hi
79 a 10 6 20 Hi
52 3 7 9 19 Hi
dU 2 11 6 19 Hi
96 1 10 9 20 Hi
10U 1 6 9 16 Hi
107 7 7 P 19 Hi
113 5 7 8 20 Hi
119 1 12 7 20 Hi
12k 3 7 10 20 Hi
129 7 11 2 20 Hi
130 7 10 1 Id Hi
1U3 a 12 3 19 Hi
1U+ 3 ia 3 20 Hi
150 7 10 3 20 Hi
155 5 i i 2 16 Hi
158 a 8 a 16 Hi
160 7 i i i 19 Hi
166 a 10 5 19 Hi171 2 12 6 20 Hi1 2 9 a a i 15 5 H




Number o f p l a n t s  in  Ntsnber o f  p la n ts  in  
P a re n t or le s io n  c la s s  d is e a s e  c la s s *  Genotype*
l in e  0 1 2 3 1* 5 R e s is ta n t  S u s c e p tib le
9 5 7 2 2 11* 2
11 2 5 3 2 2 1 12 3
12 2 1* 5 1* 11 1*
16 1 5 5 3 5 1 H* 6
18 1 U 5 1 2 2 11 1*
20 6 7 2 2 2 15 5
22 2 6 7 2 3 17 3
23 I* 5 5 6 11* 6
21* 2 2 6 5 3 15 3
25 2 U 3 2 2 2 11 U
27 5 6 3 5 H* 5
29 3 9 1* 3 1 16 U
30 5 5 3 2 2 13 i*
31 5 8 2 2 2 15 1*
3k 1 6 5 1 2 1 13 3
35 7 3 1 3 13 3
37 7 8 2 3 17 3
1*0 8 6 2 11* 2
1*1* 6 6 3 5 15 3
1*6 6 7 3 12 3
1*7 6 5 2 1* 1*
1*9 5 5 2 3 12 ' 3
50 2 5 6 1 1* 11* 1*
51 3 10 i* 3 17 3
52 7 3 2 3 12 3
51* 1 1* 6 1* 1 11 5
55 5 6 3 1* 11* 1*
56 1 7 5 2 1 13 3
58 3 5 6 1* 2 11* 6
59 2 7 3 2 2 12 1*
60 2 5 1* i* 1 11 568 9 5 5 11* 5
69 1 6 8 i* 1 15 570 1 8 7 2 2 16 1*
71 6 7 1* 3 13 7
7U 2 11 6 13 6
75 3 1* 7 1* 11* 1*76 2 1* 6 5 2 12 7
77 8 5 6 1 13 77b 2 6 6 6 11* 680 9 8 2 17 290 1 6 6 5 1 13 691 1 3 8 6 2 12 8
93 1 7 7 5 15 5
62
Table 7- (Continued)
Number of p la n ts  in  tim ber of p la n t s  in  
P a re n t or le s io n  c la s s  d ise a s e  c la s s *  Genotype*
l in e  0 1 2  3 b 5 R e s is ta n t  S u sc e p tib le
95 2 b 8 6 lb 6 H
99 b b 9 3 17 3 H
101 5 7 7 1 12 8 H
109 3 10 6 1 13 7 H
112 6 8 3 2 lb 5 H
l ib 1 b 7 5 3 12 8 H
115 3 7 b b lb b H
116 2 5 b 3 b 11 7 H
117 b 8 1 6 12 7 H
116 1 5 8 1 b lb 5 H
120 5 8 1 6 13 7 H
121 6 7 3 3 13 6 H
123 1 5 6 u 3 12 7 ti
132 1 7 5 2 13 2 ti
133 8 5 3 1 13 b ti
13b 1 6 6 b 3 13 7 ti
135 2 6 b b 3 12 7 ti
136 1 b 6 3 b 11 7 ti
137 b 11 2 3 17 3 ti
136 2 6 5 b 1 15 5 H
139 3 6 3 5 lb 5 H
lbQ 9 3 > 2 12 7 H
l i t l b 7 5 2 11 7 ti
11*2 1 6 6 b 13 b ti
m s b 7 1 2 1 12 3 ti
lb 6 l 7 3 b 2 11 6 H
lb  6 12 3 3 1 15 b H
lb9 2 9 2 . b 13 b H
151 2 6 3 b 2 11 6 H
156 3 8 1 2 1 12 3 H
157 3 9 7 12 7 H
161 6 8 5 1 lb 6 H
163 2 5 7 5 1 lb 6 H
165 1 8 b 6 1 13 7 H166 5 9 b 2 lb 6 H
5 1 9 5 1 lb HS7 1 12 5 1 17 HS
15 2 11 7 2 18 HS62 1 1 15 3 2 18 HS63V” iv 2 13 b 2 17 HS65Q « 2 10 5 2 15 HS61 1 lb b 1 18 HS63Cl (» 2 12 6 2 18 HS86 1 9 5 1 lb HS
T able  7 . (C ontinued)
P a re n t or 
l in e
Number o f 
le s io n  
0 1 2
p la n ts  in  
c la s s
3 1* 5
Number o f p l a n t s  in  
d is e a s e  c la s s *  
R e s is ta n t  S u s c e p tib le
Genotype*
103 1 1 11* 1* 2 18 HS
105 1 2 15 2 3 17 HS
106 2 15 3 2 18 HS
123 2 1 9 5 3 11* HS
26 12 5 17 HS
32 9 11 20 HS
1*2 6 l l 19 HS
1*5 15 5 20 HS
1*8 11* i* 18 HS
61* 13 5 18 HS
67 3 17 20 HS
72 9 9 18 HS
65 15 5 20 HS
86 13 7 20 HS
87 10 6 16 HS
89 9 U 20 HS
9U 12 7 19 HS
100 10 10 20 HS
102 13 7 20 HS
106 11* U 18 HS
110 11 9 20 HS
122 12 7 19 HS
131 7 10 17 HS
11*7 7 6 15 HS
152 9 11 20 HS
153 13 7 20 HS
151* 17 3 20 HS
159 9 6 15 HS
162 16 3 19 HS
161* 11* 6 20 HS
167 15 5 20 HS
170 12 i* 16 HS
172 15 1* 19 HS
^D isease  C lass*  R e s is ta n t  in c lu d e s  le s io n  ty p e s  0 t o  3
S u s c e p tib le  in c lu d e s  le s io n  ty p e s  U and 5 
■“Genotype* 1ft •  Homozygous R e s is ta n t  
H * H eterozygous 
HS •  Homozygous S u s c e p tib le
p a r e n t .  T hese l i n e s  w e re , t h e r e f o r e ,  c o n s id e re d  a s  b e in g  homozygous r e ­
s i s t a n t  and a re  l i s t e d  f i r s t  in  T ab le  7 .
A second  g ro q p , c o n ta in in g  62 l i n e s ,  c o n ta in e d  s e e d l in g s  w hich 
had b o th  p a re n t  ty p e s  o f  l e s io n s .  A lso  i t  i s  obv ious t h a t  in  th e s e  l i n e s  
a  m a jo r i ty  o f th e  s e e d l in g s  in  each  had  r e s i s t a n t  ty p e  l e s io n s  0 to  3*
T h is  g roqp  o f  l i n e s  was c o n s id e re d  h e te ro z y g o u s  f o r  genes g o v e rn in g  r e s i s t ­
ance  and s u s c e p t i b i l i t y  from  th e  two p a r e n t s .  The f a c t  t h a t  a  m a jo r i ty  
o f  th e  s e e d l in g s  in  each  l in e  was r e s i s t a n t  i n d ic a te s  t h a t  r e s i s t a n c e  was 
d o m in an t. T hese l i n e s  w ere c o n s id e re d  to  be  h e te ro z y g o u s .
Among th e  82 F^ l i n e s  c o n s id e re d  a s  h e te ro z y g o u s , t h e r e  was a
t o t a l  o f  1 ,501 p l a n t s .  From th e s e  1 ,501  F^ p l a n t s ,  1 ,102  w ere  a s  r e s i s t ­
a n t  a s  th e  N ira  p a re n t  and 399  w ere  a s  s u s c e p t ib le  a s  t h e  C o lu sa  p a r e n t .  
T hese  num bers a r e  a  r e a s o n a b ly  good f i t  t o  a  3 :1  r a t i o ,  w ith  a  p r o b a b i l i t y  
be tw een  .2 0  t o  .1 0 .
T h i r t e e n  F^ l i n e s  a l s o  c o n ta in e d  b o th  r e s i s t a n t  said s u s c e p t ib le  
s e e d l in g s ,  how ever, th e s e  l i n e s  d i f f e r e d  g r e a t l y  from  h e te ro z y g o u s  l i n e s  
d e s c r ib e d  p r e v io u s ly  in  t h a t  each  l i n e  had o n ly  1 t o  3 r e s i s t a n t  p l a n t s  
and th e s e  w ere n ev e r low er th a n  l e s io n  ty p e s  2 and 3* C o n se q u e n tly , th e s e  
13 l i n e s  c o u ld  n o t  be  c l a s s i f i e d  a s  h e te ro z y g o u s . In  s p i t e  o f  th e  o c c u r­
re n c e  o f  a  few r e s i s t a n t  p l a n t s  in  th e s e  l i n e s ,  th e y  w ere c o n s id e re d  a s  
p ro b a b ly  b e in g  homozygous s u s c e p t ib l e .
The rem a in in g  29 F^ l i n e s  behaved  l i k e  th e  C o lu sa  p a r e n t  w ith  a l l  
th e  p l a n t s  under l e s io n  c l a s s  1  o r 5> T h e re fo re  th e s e  l i n e s  w ere a l s o  
c o n s id e re d  t o  b e  homozygous s u s c e p t ib l e .
In  summary, th e  r e s u l t s  o b ta in e d  seem t o  i n d ic a t e  t h a t  among th e  
156 F-j l i n e s  32 w ere homozygous r e s i s t a n t ,  82 w' « h e te ro z y g o u s  and 1*2 
w ere homozygous s u s c e p t ib l e .  T h is  i s  a  good f i t  t o  a  r a t i o  o f  1 homozygous
r e s i s t a n t  : 2 he te rozygous i 1 homozygous s u s c e p t ib le ,  w ith  a p r o b a b i l i ty  
betw een .i>Q and .3 0 . The ex p ec ted  numbers fo r  a 1;2*1 r a t i o  a re  39 
homozygous r e s i s t a n t ,  7ti h e te ro zy g o u s and 39 homozygous s u s c e p t ib le  l i n e s .
The r e s u l t s  o b ta in ed  w ith  th e  F^ l in e s  p ro v id ed  s tro n g  evidence 
to  confirm  th e  t e n t a t i v e  c o n c lu s io n  drawn from F2 d a ta  th a t  th e  r e s i s ta n c e  
o f  N ira  to  ra c e  6 i s  governed by a s in g le  dominant gene.
However, among th e  r e s u l t s  fo r  th e  F^ l in e s  t e s te d  th e r e  was 
some ev idence  f o r  s e g re g a tio n  o f one or more minor or m o d if ie r  genes, in  
a d d it io n  to  th e  m ajor p a i r  d e sc r ib e d  above. The ev idence  o f t h i s  can be 
seen  in  th e  beh av io r o f th e  N ira  p a re n t  in  com parison w ith  s e v e ra l  F j l in e s  
A lthough in  th e  N ira p a re n t ,  s e v e ra l  p la n ts  had 0 ty p e  le s io n s  and th e r e  
were more p la n t s  w ith  v e ry  r e s i s t a n t  type  1 le s io n s  th a n  in  any o th e r c la s s  
s e v e ra l  of th e  presum able homozygous r e s i s t a n t  F^ l in e s  had no p la n ts  
w ith  0 ty p e  le s io n s  and a r e l a t i v e l y  freq u en cy  of p la n t s  w ith  ty p e  1 l e ­
s i o n s . .  Examples o f l i n e s 'o f  t h i s  ty p e  in c lu d e  numbers 79, ti2 and till.
These l in e s  a re  a p p a re n tly  homozygous fo r  th e  m ajor gene fo r  r e ­
s i s ta n c e  from  N ira  b u t  p o ssess  m o d if ie rs  from C olusa which reduce  somewhat 
th e  e f f e c t iv e n e s s  o f  th e  m ajor g en e . A lso , th e  p re sen c e  of a group o f 13 
l i n e s ,  which were a p p a re n tly  homozygous fo r  th e  r e c e s s iv e  genes fo r  su s ­
c e p t i b i l i t y ,  b u t in  which in  each l in e  1 to  3 p la n ts  had type  2 or 3 
le s io n s  and a l l  th e  rem ain ing  p la n t s  in  th e  l in e  were s u s c e p t ib le  su g g e s ts  
t h a t  th e s e  l in e s  p o ss e s s  m o d if ie rs  from N ira  which cause  th e  p la n t s  t o  be 
m o d era te ly  r e s i s t a n t  t o  ra c e  6 .
C. Inheritance of Reaction to  B last Race 2.
N ira and C olusa had been re p o r te d  as be ing  d i f f e r e n t  in  t h e i r  
r e a c t io n  to  b l a s t  ra c e  2 , w ith  N ira be ing  r e s i s t a n t  and C olusa s u s c e p ti­
b l e .
a .  R e su lts  o f Experim ent Invo lv ing  N ira , C olusa and F2 Popula­
t io n  fo r  R eac tio n  t a  Race 2 .
The t e s t  invo lv ing  re a c t io n  of th e  N ira and C olusa p a re n ts  and 
an Fg p o p u la tio n  could  no t be conducted u n t i l  th e  l a t t e r  p a r t  o f December.
Although o th e r in v e s t ig a to r s  had re p o r te d  d i f f i c u l t y  in  o b ta in in g  re p re ­
s e n ta t iv e  r e a c t io n s  fo r  r i c e  v a r i e t i e s  to  b la s t  during  t h i s  p e rio d  o f th e  
y e a r , due p resim ab ly  to  low l ig h t  i n te n s i t y ,  i t  was decided to  conduct 
th e  t e s t  anyhow, w ith  th e  knowledge t h a t  i t  m ight no t prove s u c c e s s fu l.
The r e s u l t s  o b ta in ed  w ith  N ira and C olusa fo r  r e a c t io n  to  ra c e  2 a re  
p re se n te d  in  T able d . For re a so n s  t h a t  w i l l  be apparen t l a t e r ,  th e  F^ 
p o p u la tio n  was no t c l a s s i f i e d  fo r  r e a c t io n  to  ra c e  2 .
I t  can  be seen  from th e  r e s u l t s  in  T able d th a t  a r e l i a b l e  s tu ty  
could  n o t be made, under th e  c o n d itio n s  p r e v a i l in g  a t  t h a t  tim e , of th e  
in h e r i ta n c e  of r e a c t io n  to  ra c e  2 in  th e  C olusa x N ira c r o s s .  In  th e  
presum ably r e s i s t a n t  N ira  p a re n t ,  only 16 of 21 p la n ts  t e s te d  had le s io n  
ty p es  1, 2 and 3 and could  be co n sid ered  r e s i s t a n t .  Two o f th e  N ira  p la n ts  
were s u s c e p t ib le ,  type  It le s io n s ,  and in  3 p la n ts  th e  in o c u la te d  le a f  
was dead . S ince th e  cause o f d e a th  o f  th e se  leav es  was u n c e r ta in  and th e  
le s io n  ty p e  on them could  not be de te rm ined , th e se  p la n t s  a re  l i s t e d  in  
T able 6 under c la s s  6 r e a c t io n .  These 3 N ira  p la n ts  were p robab ly  su s­
c e p t ib le  to  ra c e  2 s in c e  death  o f th e  in o c u la te d  leav es was p robab ly  caused 
by b l a s t .
Table 8 -  Reaction of Nira and Colusa to  B last Race 2 in a Test Conducted
During Late December
NXhnber o f p la n ts  in Nunber of p la n ts  in
Jferent le s io n  c la s s  
0 1 2  3 L 5 6
«
R
d ise ase  c la s s
m s u
N ira 1 9 b 2 3 10 6 2 3
C olusa * 1 8 9 3 1 8 12
^D isease C la s se s : R ■ R e s is ta n t  ■ inc ludes le s io n  type 0 to  2*
ffft •  M oderately r e s i s t a n t  •  inc ludes le s io n
type  3.
S •  S u sce p tib le  ■ inc ludes le s io n  type k to  5.




The r e a c t i o n  o f  n o rm a lly  s u s c e p t ib le  C o lu sa  t o  r a c e  2 was even 
more in c o n c lu s iv e  th a n  t h a t  found  f o r  N ira .  Only 12 o f  21 p l a n t s  t e s t e d  
had s u s c e p t ib le  l e s io n  ty p e s  L and 5 and w h ile  th e  rem a in in g  9 p l a n t s  
a p p ea re d  to  be m o d e ra te ly  r e s i s t a n t ,  w ith  2 and 3 ty p e s  o f  l e s io n s .
The r e s u l t s  w i th  th e  N ira  and C o lu sa  p a r e n t s  in d ic a te d  t h a t  under 
th e  c o n d i t io n s  of th e  e x p erim en t many o f  th e  s e e d l in g s  t e s t e d  d id  n o t 
r e a c t  n o rm a lly . For t h i s  r e a s o n  th e  b e h a v io r  o f th e  Fg p o p u la t io n  was 
a l s o  c o n s id e re d  a s  n o t r e l i a b l e  and no a tte m p t was made to  c l a s s i f y  th e  
F^ p la n ts *  I t  i s  a s s w e d  t h a t  th e  in c o n c lu s iv e  r e a c t i o n s  o f  N ira  and 
C o lu sa  were due to  u n fa v o ra b le  c o n d i t io n s  w hich o c c u rre d  d u r in g  th e  t e s t ­
ing  p e r io d ,  c o n firm in g  th e  r e p o r t s  t h a t  t e s t s  c o n d u c ted  a t  c e r t a i n  t im e s  
d u r in g  th e  w in te r  do n o t p ro d u ce  r e l i a b l e  r e s u l t s .
b .  R e a c tio n  o f  th e  P a r e n ts  and 103 F^ L in e s  t o  B la s t  Race 2 .
A t o t a l  o f  18 g ree n h o u se  f l a t s  c o n ta in in g  F^ l i n e s ,  th e  p a r e n ts  
and 6  check  v a r i e t i e s  w ere t e s t e d  f o r  r e a c t i o n  to  r a c e  2 d u r in g  Decem ber. 
T hese  w ere t e s t e d  on d i f f e r e n t  d a te s  in  3 s e t s  o f 6  f l a t s  e a c h . U nfor­
t u n a t e l y ,  th e  e x p erim en t in v o lv in g  th e  t h i r d  s e t  o f  f l a t s  c o u ld  n o t be 
co n d u c ted  u n t i l  th e  l a t t e r  h a l f  o f  th e  m onth , a t  a  tim e  c o in c id in g  w ith  
th e  t e s t  o f th e  F2 p o p u la t io n  t h a t  was d e s c r ib e d  in  th e  p re c e d in g  s e c t io n .  
H e re , a l s o ,  th e  r e s u l t s  o b ta in e d  f o r  th e  p a r e n ts  w ere in c o n c lu s iv e  and th e  
d a ta  f o r  th e  F^ l i n e s  in  t h i s  t h i r d  s e t  w ere n o t  r e l i a b l e .  R e s u l t s  ob­
t a in e d  w ith  th e  p a r e n t s  and 103 F^ l i n e s  in o c u la te d  w i th  r a c e  2 i n  th e  
f i r s t  and  second s e t s  o f t e s t s  d u r in g  e a r l y  D ecem ber a r e  p r e s e n te d  in  
T a b le  9*
As shown by th e  r e s u l t s  p r e s e n te d  in  T ab le  9 ,  th e  r e a c t i o n  o f  N ira  
t o  r a c e  2 was r e s i s t a n t ,  a s  e x p e c te d , w i th  20  p l a n t s  showing ty p e  1 l e s io n s
T ab ic  9 -  R eac tio n  of P a re n ts and 103 L ines to  B la s t  Race 2 .
P a re n t or 
Line
Number of p la n ts  in  
le s io n  c la s s  
0 1 2 3 4 5
Number o f p l a n t s  in
d ise a s e  c la s s  Genotype*
r  m  $
N ira 20 12 32
C olusa 2 33- 13 2 k6
21 11 t> 17 m
27 13 6 19 m
72 11 6 19 m
do 13 7 20 m
61 6 5 13 m .
67 9 6 15 m
96 12 6 20 Hi
102 12 6 18 Hi
53 6 1 7 U
62 7 U 11 u
63 6 4 10 u
68 5 2 7 u
1 9 8 3 17 3 u
11 6 7 3 15 3 u
19 10 7 1 17 1 u
25 9 5 1 14 1 u
47 10 7 17 u
48 11 7 18 - u
70 10 7 1 17 1 u
105 11 5 1 16 1 u
115 10 8 1 18 1 0
117 13 5 1 18 1 u
3 6 6 4 16 4 H
4 4 6 3 2 10 3 2 H
5 7 6 2 2 13 2 H
6 6 7 1 3 2 13 1 5 H
7 8 4 2 4 12 4 H
12 7 5 1 2 12 1 2 H
13 d 1* 1 4 1 12 1 5 H
14 6 9 1 2 1 15 1 3 ti
16 7 7 1 2 1 14 1 3 ti18 3 2 3 5 3 H
20 5 7 1 3 1 13 1 4 H




Number o f p la n ts  in Number of p la n ts  in
P aren t or le s io n  c la s s d isease  c la s s
Line 0 1 2 3 L 3 R IR S Genotype*
23 5 8 2 3 1 13 2 k H
2k 9 5 3 1 lk 6 H
26 6 3 ' k 2 11 6 H
2d 3 5 3 2 3 8 3 5 H
2 9 7 5 1 b 2 12 1 6 H
3L 3 3 1 k 1 10 1 5 H
33 b b 3 5 8 3 3 H
37 7 7 1 b lb 1 k H
36 9 b 1 b 1 13 1 5 H
3? 10 u 2 2 1 lb 2 3 H
LG 9 k 1 3 13 1 3 H
L2 8 k 1 b 12 1 L ti
L3 6 k 2 3 12 2 3 H
L5 5 7 2 6 12 2 6 H
u6 7 '6 1 2 1 13 1 3 H
L9 7 5 3 1 12 L H
50 5 6 1 2 1 11 1 3 H
51 7 6 1 3 1 13 1 h H
5L 7 6 3 3 13 3 3 H
56 3 6 2 3 1 9 2 L H
56 11 6 3 17 3 H
59 6 b 1 b . 10 1 L H
61 L 6 2 2 10 2 2 H
6L 6 5 2 6 11 2 6 H
67 5 7 1 5 12 1 5 H
68 7 3 b 10 L H
71 6 b 1 7 10 1 7 H
73 8 3 b 11 L H
7u 6 6 7 12 7 H
73 6 3 b 11 L H
76 8 L 1 b 12 1 L ti
76 9 5 b Ik L ti
82 5 7 1 k 12 1 U ti
8L 5 6 1 3 11 1 3 ti
85 7 3 1 5 10 1 5 ti
86 9 6 5 15 5 ti
69 12 b 1 3 16 1 3 ti90 6 6 b lk k ti
93 11 5 3 16 3 ti
9L 7 6 3 13 5 ti95 11 k b 15 L t i100 9 7 b 16 L H101 9 b 5 13 5 H10L 6 b 2 10 2 t i
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Table 9» (Continued)
P aren t or 
Line
Number of p la n ts  in  
le s io n  c la s s  








106 7 6 U 13 U H
107 9 k 6 13 6 H
106 6 7 U 13 h H
10? 9 7 u 16 k H
110 7 5 1 6 12 1 6 H
I lk d 0 1 4 1U 1 U H
116 6 0 5 12 5 h
J?5 2 13 5 2 Id u
60 l 3 11. L 11 u
6? k 16 k 16 u
91 l 3 10 k 10 u
99 3 2 13 5 13 u
15 1 2 11 6 1 2 17 u
kU 3 1 12 h 3 1 16 u
52 2 1 13 U 2 1 17 u
65 2 1 12 2 1 12 u
103 3 1 12 3 1 12 u
113 3 1 16 3 1 16 u
31 3 11 S 3 16 HS
32 2 10 8 2 18 HS
9 12 h 16 HS
10 13 1 20 HS
30 9 9 . 18 HS
79 20 20 HS
63 13 13 HS
d i s e a s e  C la s s ; R -  R e s is ta n t
MR * M oderately  R e s is ta n t  
S ■ S u sc e p tib le  
*Genotypet Hi •  Homozygous R e s is ta n t  
H ■ H eterozygous 
HS ■ Homozygous S u sc e p tib le  
U ■ Genotype U ncerta in
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and 12 p la n ts  showing ty p e  2 le s io n s . None of th e  N ira p la n ts  had mod­
e r a te ly  r e s i s t a n t  type 3 le s io n s .  Among 1*8 p la n ts  o f C olusa, 1*6 showed 
th e  s u s c e p tib le  types 1* and 5 le s io n s  and 2 p la n ts  had type  3 le s io n s ,  
which a re  u su a lly  in te rp re te d  a s  in d ic a tin g  m oderate r e s i s ta n c e .
I t  i s  r e a d i ly  apparen t from Table 9 t h a t  th e  Fj  l in e s  could  no t 
be d iv id ed  s a t i s f a c to r i l y  in to  only  3 g roups, homozygous r e s i s t a n t ,  
se g reg a tin g  and homozygous s u s c e p t ib le ,  as was done in  th e  c a se s  o f r a c e s  
1 and 6 . However, th e  l in e s  cou ld  be grouped in to  a  l im ite d  ntsaber of 
ty p e s , w ith  s e v e ra l l in e s  w ith in  each r a th e r  sh a rp ly  se p a ra ted  group.
The 103 F  ^ l in e s  appear to  f a l l  n a tu r a l ly  in to  $ g ro in s ,  w ith  sm all bu t 
w e ll marked and s ig n i f ic a n t  d if f e re n c e s  betw een g roqps.
In  one group o f  s im ila r  l in e s ,  th e  12 l i s t e d  f i r s t  in  T able 9 , 
a l l  s e e d lin g s  had only  ty p es  1 and 2 le s io n s ,  a  f e a tu r e  shown by th e  
r e s i s t a n t  N ira  p a re n t .  However, 1* of th e s e  l in e s ,  nuabers 53 , 62 , 63 and 
88, co n ta in ed  a sm all number o f p la n ts  and i t  i s ,  th e r e f o r e ,  q u e s tio n a b le  
w hether th e se  l in e s  should be included in  any a ttem p t a t  a  g e n e tic  in te r ­
p r e ta t io n  o f th e  d a ta .  I t  i s  e n t i r e ly  p o s s ib le  t h a t ,  i f  more p la n t s  had 
been a v a i la b le  in  th e se  l in e s ,  some may have been m odera te ly  r e s i s t a n t  
or s u s c e p t ib le .  C onsequently , only ti l in e s  can be  concluded w ith  reaso n ­
a b le  c e r t a i n i t y  to  have behaved l ik e  th e  r e s i s t a n t  N ira  p a re n t .
In  a  second group, composed o f th e  10 l in e s  in  T able  9 n tubered  
1 , 11, 15, 25, 1*7, Uti, 70, 105, 115 and 117, a  m a jo r ity  o f th e  p la n t s  had 
r e s i s t a n t  ty p e s  1 and 2 le s io n s  bu t each l in e  co n ta in ed  1 to  3 p la n t s  w ith  
ty p e  3 le s io n s .  S ince type  3 le s io n s  were found among p la n ts  o f th e  
C olusa p a re n t ,  th e se  10 l in e s  cannot be co n sid ered  a s  be ing  id e n t ic a l  to  
th e  N ira  p a re n t  even though th e y  a re  v e ry  s im ila r  t o  i t  and b a s ic a l ly  
were t ru e  b reed in g  fo r  r e s i s t a n c e .
A t h i r d  group c o n s i s t e d  o f  63 l i n e s  w hich  c o n ta in e d  s e e d l in g s  w i th  
r e s i s t a n t  ty p e s  1 and 2 l e s io n s  a s  w e l l  a s  s e e d l in g s  w ith  s u s c e p t ib l e  
ty p e s  h  and  3 l e s i o n s .  I t  was a l s o  c h a r a c t e r i s t i c  o f  t h e s e  l i n e s  t h a t  a  
m a jo r i ty  o f  th e  s e e d l in g s  in  each  had  th e  r e s i s t a n t  ty p e s  1 and 2 l e s i o n s .  
I n  m o s t , th o u g h  n o t a l l ,  of th e s e  l i n e s  a few p l a n t s  a l s o  had ty p e  3 l e -  
s  i o n s •
In  a f o u r t h  g ro u p , made up o f  11 l i n e s ,  a  m a jo r i ty  o f th e  p l a n t s  
w i th in  e ac h  l i n e  w ere  s u s c e p t i b l e ,  w ith  ty p e s  it and  3 l e s i o n s ,  b u t  a 
s m a ll  number o f  p l a n t s ,  r a n g in g  from  1 t o  5 , had r e s i s t a n t  l e s io n s  o f 
ty p e s  1 a n d /o r  2 .  Some o f t h e s e  l i n e s  a l s o  c o n ta in e d  a few  s e e d l in g s  w ith  
ty p e  3 l e s i o n s .  T hese  l i n e s  d i f f e r  n o t ic e a b ly  fro m  th e  t h i r d  g ro u p , 
d e s c r ib e d  in  th e  p re c e d in g  p a ra g r a p h ,  in  re g a rd  t o  r e l a t i v e  f re q u e n c y  o f  
r e s i s t a n t  and s u s c e p t ib l e  p l a n t s  p e r  l i n e .
F i n a l l y ,  a  f i j . t h  g ro u p  c o n s i s t e d  o f  7 l i n e s  in  w h ic h  a l l  s e e d l in g s  
showed o n ly  ty p e s  3 , !; and  3 o r U and  3 l e s io n s .  The b e h a v io r  o f  t h e s e  7 
l i n e s  w as w i t h in  th e  r a n g e  o f th e  s u s c e p t ib l e  C o lu s a  p a r e n t .
The b e h a v io r  o f  th e  l i n e s  docs n o t p ro v id e  c l e a r - c u t  e v id e n c e , 
co m p arab le  t o  t h a t  fo u n d  f o r  r a c e s  1 and 6 , c o n c e rn in g  th e  in h e r i t a n c e  
o f  r e a c t i o n  t o  r a c e  2 .  H ow ever, t h e  f a c t  t h a t  th e  103 l i n e s  w ere  g rouped  
i n to  a  l im i t e d  number o f  b e h a v io r  c l a s s e s  s u g g e s ts  s t r o n g ly  t h a t  th e  
i n h e r i t a n c e  was q u a l i t a t i v e  in  n a tu r e  and t h a t  o n ly  a s m a ll  number o f  
g en es  w e re  in v o lv e d . F o r ex am p le , a t  l e a s t  6 l i n e s ,  and p o s s ib ly  12, 
behaved  a s  th o u g h  th e y  w ere  hom ozygous r e s i s t a n t  and a t  l e a s t  7 l i n e s  w ere  
hom ozygous s u s c e p t i b l e .  F u r th e rm o re , 63 l i n e s  underw en t s e g r e g a t io n  f o r  
r e s i s t a n t  and s u s c e p t ib l e  p l a n t s  in  a  m anner v e ry  s i m i l a r  t o  t h a t  r e ­
p o r te d  e a r l i e r  f o r  r a c e s  1 and 6 and w ere  c o n c lu d ed  to  be  h e te ro z y g o u s .  
B e h av io r  o f  th e  l i n e s  in  g ro u p s  2 and  U was n o t  c l e a r l y  d e f in e d  and t h e i r
g e n e tic  makeup i s  u n c e r ta in .
Due to  u n c e r ta in ty  concern ing  th e  genotypes of th e  21 l in e s  de- 
sc rib ed  e a r l i e r  a s  groups 2 and i* and th e  la c k  of r e l i a b l e  d a ta ,  an
exact g e n e tic  in te r p r e ta t io n  o f th e  d if fe re n c e  between N ira  and Colusa 
in  r e a c t io n  to  ra c e  2 does no t appear p o s s ib le ,  however, the  r e s u l t s  in ­
d ic a te  s tro n g ly  th a t  in h e r ita n c e  o f th e  d if fe re n c e  in  r e a c t io n  to  ra c e  2 
i s  l i a i t e a  to  1 o f only  2 p ro b ab le  e x p la n a tio n s .
One of th e se  e x p la n a tio n s  assumes th a t  th e  u n c e r ta in  g e n e tic  c la s ­
s i f i c a t i o n  of th e  2 groups o f l in e s  was caused by unfavorab le  environm ental 
c o n d itio n s  du ring  th e  t e s t in g  p e r io d , lead in g  to  abnorm al r e a c t io n  to  th e  
d ise a se  by some o f th e  p la n ts  in  each l i n e .  I t  should  be noted t h a t ,  in  
t e s t s  conducted s h o r t ly  a f t e r  th e s e ,  r e a c t io n  o f th e  N ira and C olusa 
p a re n ts  was so in co n c lu s iv e  th a t  th e  and p o p u la tio n s  could  no t be 
c l a s s i f i e d  r e l i a b l y .  I t  i s  p robab le  th a t  th e  env ironm enta l c o n d itio n s  
which caused abnorm al behav io r of some p la n ts  in  l a t e r  t e s t s  were a lre ad y
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e x e r t in g  in f lu e n c e  on some of th e  F-j p la n ts  in  T able  9 . I f  t h i s  was th e  
c a s e , i t  i s  p o s s ib le  th a t  th e  group 2 l in e s  were homozygous r e s i s t a n t  and 
group k l in e s  were homozygous s u s c e p tib le  and , co n seq u en tly , t h a t  th e  
d if f e r e n c e  between N ira and C olusa fo r  r e a c t io n  to  ra c e  2 was c o n tro l le d  
by a s in g le  m ajor p a i r  of genes w ith  dominance of r e s i s t a n c e .  T h is was 
th e  c o n c lu sio n  reached  concern ing  r e a c t io n  to  ra c e s  1 and 6 fo r  th e se  
v a r i e t i e s .
The second p ro b ab le  g e n e tic  e x p la n a tio n  fo r  th e  r e a c t io n  of N ira  
and C olusa to  ra c e  2 i s  t h a t  th e se  v a r i e t i e s  d i f f e r  by 2 m ajor p a i r s  o f 
genes, w ith  N ira  p o sse ss in g  th e  r e s i s t a n t  a l l e l e s  o f bo th  and C olusa th e  
s u s c e p tib le  a l l e l e s .  I f  t h i s  e x p la n a tio n  i s  c o r r e c t ,  i t  would appear th a t  
th e  two genes fo r  r e s i s ta n c e  were o f th e  d u p lic a te  type  b u t th a t  one
showed dominance fo r  r e s i s ta n c e  w hile  th e  o th e r  was re c e s s iv e  t o  i t s  
a l l e l e  fo r  s u s c e p t ib i l i t y .  The low frequencey  of F . l in e s  which behaved 
e x a c tly  l ik e  each p a re n t su g g ests  th e  p o s s ib le  se g re g a tio n  of 2 p a i r s  of 
major genes.
3 . A sso c ia tio n  of R eac tio n  to  U.S. B la s t R aces 1, 0 and 2 among 
F L ines of th e  c ro s s  Colusa x N ira .
W ithin  th e  l im i ts  o f a v a i la b le  se ed , the same F . l in e s  from  C olusa 
x N ira were t e s te d  fo r  r e a c t io n  to  a l l  3 of th e  b l a s t  r a c e s .  The a s s o c ia ­
t io n  of r e a c t io n  to  ra c e s  1, 6 and 2 was s tu d ie d  in  p a i r s  o f ra c e s  and th e  
r e s u l t s  fo r  a s s o c ia t io n  o f in h e r i ta n c e  betw een ra c e s  1 and 6 , 1 and 2 and 
2 and 6 a re  p re sen te d  s e p a ra te ly .
A. A sso c ia tio n  of R e ac tio n  betw een B la s t  R aces 1 and 6 .
The d is e a s e  c l a s s i f i c a t i o n s  of lbh F . l in e s  fo r  r e a c t io n  to  ra c e s  
1 and 6 a re  p re se n te d  in  Table 10. As d isc u sse d  in  e a r l i e r  s e c t io n s ,  the 
l in e s  were d iv id e d  in to  3 groups, homozygous r e s i s t a n t ,  he te rozygous and 
homozygous s u s c e p t ib le ,  on th e  b a s i s  of th e  b reed in g  b eh av io r o f each l in e  
in d iv id u a l ly .  fo r  independence o f se g re g a tio n  fo r  th e  2 ra c e s  among 
th e  9 c la s s e s  o f  behav io r in  T able 10 had a p r o b a b i l i ty  o f being  due to  
chance betw een .10 and .03. A lthough th e  X^ value  was no t s i g n i f i c a n t ,
i t  did approach c lo s e ly  th e  v a lu e  re q u ire d  fo r  .03 p r o b a b i l i ty  and p ro ­
v id e s  a s tro n g  su g g e s tio n , though no t s t a t i s t i c a l  p ro o f , t h a t  th e  2 ra c e s  
wer*' no t independent in  th e i r  s e g re g a tio n .
Furt-her ev idence fo r  f a i l u r e  of th e  2 ra c e s  t o  be independent in
genetic beh av io r can be found try examining th e  in d iv id u a l  rows and columns 
o f T able 10. For th e  e n t i r e  l$h  l in e s ,  each ra c e  seg reg a ted  in  a  r a t i o  o f 
app rox im ate ly  1 homozygous r e s i s t a n t  l in e  : 2 he te rozygous l in e s  : . l
Table 10 -  Reaction of l£i; F^ Lines to  Race 1 and Race 6.
R eac tio n  to  
Race 1.
R eac tio n
1ft
to  Rase 6. 
H HS T o ta ls
V.
m 12 16 17 U5
H 11 hu 1G 73
HS 9 20 7 36
T o ta ls ;2 GO h2 15U
if! “ Homozygous r e s is ta n t  l in e s  
H -  Heterozygous lin e s  
HS ■ Homozygous su sc ep tib le  l in e s
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homozygous s u s c e p tib le  l i n e ,  a s  shown by th e  t o t a l s  in  th e  t a b l e .  However, 
among U5 l in e s  which were homozygous r e s i s t a n t  to  ra c e  1 th e  r e a c t io n  to  
ra c e  6 d id  n o t approxim ate a 1:2*1 r a t i o  ( f i r s t  row o f Table 10 ). In s te a d , 
th e re  was a  s tro n g  excess o f l in e s  homozygous s u s c e p tib le  and a  correspond­
ing d e fic ie n c y  of l in e s  hete rozygous fo r  r e a c t io n  to  ra c e  6 , w h ile  th e  
number of l in e s  homozygous r e s i s t a n t  was c lo se  to  t h a t  expec ted .
A lso , th e re  was a d e v ia tio n  from th e  1 :2 :1  r a t i o  among th e  l in e s  
homozygous r e s i s t a n t  t o  ra c e  6 ( f i r s t  c o l tm   ^f  T abic 1C) and those  homozy­
gous s u s c e p tib le  to  t h i s  rac e  ( th i r d  column o f T able 10). Although th e  num­
b e rs  o f l in e s  involved in  th e se  examples of d e v ia tio n  from th e  expected  1 :2 :1  
r a t i c  a re  n o t la rg e  and th e  d e v ia tio n s  may be due to  chance, th e  p ro b a b il­
i ty  th a t  th ey  are caused by chance i s  low and th e re  i s  reaso n  to  b e lie v e  
th a t  th e  l in e s  d id  n o t se g reg a te  independen tly  fo r  r e a c t io n  to  ra c e s  1 and 6 .
However, i f  i t  i s  assuncd th a t  s e g re g a tio n  among th e  l in e s  fo r  
r e a c t io n  to  ra c e s  1 and 6 d id  no t behave in d ep en d en tly , no d e f in i te  p a t te r n  
oj a s s o c ia t io n  cou ld  be d e te c te d . I t  w i l l  be r e c a l le d  th a t  th e  C olusa 
p a re n t was r e s i s t a n t  to  ra c e  1 and su s c e p tib le  to  ra c e  6 w h ile  N ira  was su s­
c e p t ib le  to  ra c e  1 and r e s i s t a n t  to  ra c e  6 . Any f a c to r  which d is tu r b s  
independent s e g re g a tio n  fo r  r e a c t io n  to  th e  2 ra c e s  should  lead  to  an ex cess  
o f th e  p a re n ta l  com binations and a d e f ic ie n c y  o f new com binations. As 
shown in  T able 10, th e  r e s u l t s  were in c o n s is te n t .  For th e  US l in e s  which 
were homozygous f a r  r e s i s ta n c e  to  ra c e  1, th e  p a re n ta l  com bination was in  
ex cess  of th e  expected  number b u t th e  nunber o f new com bination l in e s ,  ho­
mozygous r e s i s t a n t  to  ra c e  6 , was a s  h igh  a s  e j e c t e d .
Amonn th e  36 l in e s  which were homozygous s u s c e p tib le  to  ra c e  1, th e  
nunber of p a re n ta l  and new com bination l in e s  d id  no t d i f f e r  a p p re c ia b ly  
from  th a t  ex p ec ted . For th e  32 l in e s  which were homozygous r e s i s t a n t  to
ra c e  6 , th e re  was a c tu a l ly  an  excess of new com bination l in e s  over t h a t  
ex p ec ted . F in a l ly ,  fo r  th e  U2 l in e s  t h a t  were homozygous s u s c e p tib le  to  
ra c e  6 ,  th e re  was an excess of th e  p a re n ta l  com bination and a d e f ic ie n c y  
in  th e  new com bination .
The most p ro b ab le  cau ses  fo r  f a i l u r e  o f r e a c t io n  to  r a c e s  1 and 
6 t o  s e g re g a te  indep en d en tly , o th e r  th a n  chance, a re  a l l e l i s m ,  in  w hich a  
s in g le  p a i r  of a l l e l s  would govern r e a c t io n  to  bo th  r a c e s ,  and lin k a g e .
The occurrence  o f homozygous l in e s  w ith  th e  new com binations homozygous 
r e s i s t a n t  t o  bo th  r a c e s  and homozygous s u s c e p tib le  to  b o th  ra c e s  p ro v id e s  
p ro o f t h a t  th e  genes involved a re  n o t a l l e l i c .  The r e l a t i v e l y  h ig h  f r e ­
quency o f l in e s  w hich were homozygous r e s i s t a n t  t o  b o th  r a c e s ,  a s  h ig h  as 
expected  under independent se g re g a tio n , i s  ev idence th a t  lin k ag e  d id  n o t 
occu r. Thus, a lth o u g h  i t  appears d o u b tfu l th a t  s e g re g a tio n  fo r  r e a c t io n  
to  ra c e s  1 and 6 was e n t i r e ly  independen t, th e  d e v ia tio n s  observed cannot 
be accounted  f a r  t y  any co n v en tio n a l g e n e tic  scheme.
I t  should  be no ted  th a t  th e  p a re n ts ,  Colusa and N ira , re p re s e n t  
th e  ja p a n ic a  and in d ic a  r a c e s ,  r e s p e c t iv e ly ,  o f c u l t iv a te d  r i c e .  These 
ra c e s  a re  known to  be r a th e r  h ig h ly  d i f f e r e n t i a t e d ,  co n seq u en tly , i t  i s  
p o s s ib le  th a t  some f a c to r  in  th e  c y to g e n e tic  d i f f e r e n t i a t i o n  o f  th e s e  r a c e s  
led  to  d is tu rb a n c e s  in  se g re g a tio n  fo r  r e a c t io n  to  th e  2 r a c e s .  No d a ta  
a re  a v a i la b le  on th e  genetic b ehav io r of th e  Ja p o n ic a - in d ic a  ty p e  of c ro s s  
in  r e l a t i o n  to  o th e r  c h a r a c te r s .  C onsequently , i t  i s  no t known w hether 
th e  d is tc rb a n c e  a p p a re n tly  found in  th e  p re s e n t  stucty i s  common to  t h i s  
ty p e  o f h y b r id .
The r e a c t io n  of th e  F3 l in e s  to  r a c e s  1 and 6 g iv e s  some in d ic a t io n  
in  re g a rd  to  b reed in g  program s designed  to  o b ta in  r i c e  v a r i e t i e s  r e s i s t a n t  
t o  b o th  r a c e s .  No h in d ran ce  appears  to  e x i s t  to  o b ta in in g  r i c e  v a r i e t i e s  
r e s i s t a n t  to  bo th  r a c e s  by  c ro s s in g  C olusa and N ira . In  f a c t  12 l in e s
out of 15U were homozygous fo r  r e s i s ta n c e  to  bo th  r a c e s .  T h is  frequency  
i s  c lo s e  to  th e  1/16 t h a t  would be th e  maximum p o s s ib le  i f  2 p a i r s  o f genes 
a re  in v o lv ed . The b reed ing  o f r i c e  v a r i e t i e s  r e s i s t a n t  to  ra c e s  1 and 6 
seems to  be r a th e r  easy  and s in g le  s in c e  only one m ajor gene i s  most p ro ­
b ab ly  involved fo r  r  - is ta n c e  to  each r a c e ,  th e  d e s ire d  com bination occurred  
w ith  a  h igh  frequency  and r e s i s ta n c e  to  b o th  ra c e s  had h igh  h e r i t a b i l i t y .
The 12 l in e s  r e s i s t a n t  to  ra c e  1 and 6 were th e  l in e s  numbered lli, 
21, 28, 53, 73, 96 , 130, lh3,  iM i, 158, 160 and 168 in  T ab les 5 and 7 .
Among th e s e  12 l in e s ,  2 were n o t as s tro n g ly  r e s i s t a n t  to  ra c e  1 as was
th e  C olusa p a re n t .  F u rtherm ore , 7 of th e se  l in e s  were n o t as s tro n g ly  r e ­
s i s t a n t  to  ra c e  6 a s  was th e  N ira  p a re n t .  Thus, only  k o f th e  12 l in e s  
were a s  r e s i s t a n t  to  bo th  ra c e s  a s  th e  r e s p e c t iv e  r e s i s t a n t  p a re n ts  w ere. 
T h is  su g g ests  t h a t  th e  in f lu e n c e  o f minor or m o d ifie r genes on th e  major 
genes fo r  r e s i s ta n c e  may be a  hand icap  in  th e  b reed ing  program . But on th e  
o th e r  hand th e  r e s u l t s  a ls o  in d ic a te  th a t  th e  b reed er can s e le c t  in  e a r ly  
g e n e ra tio n s  s e e d lin g s  having r e s i s ta n c e  t o  s e v e ra l d i f f e r e n t  b l a s t  r a c e s .
B. A sso c ia tio n  of R eac tio n  between B la s t  Races 1 and 2 .
The n in te r s  o f homozygous r e s i s t a n t ,  he terozygous and homozygous 
s u s c e p tib le  F^ l in e s  fo r  ra c e  1 and ra c e  2 in d iv id u a lly  a re  p re se n te d  in  
T able 11. Those l in e s  fo r  which th e  b reed ing  behav io r to  ra c e  2 was un­
c e r t a i n ,  see T able 9 , were om itted  from T ab le  11.
X  fo r  independence among th e  9 b reed in g  beh av io r c la s s e s  in  
T able 11 had a  low b u t n o t s ig n i f ic a n t  p r o b a b i l i ty  between .10 and .05 of 
being  due to  chance* Thus, behav io r of th e  F^ l in e s  fo r  r e a c t io n  to  ra c e s  
1 and 2 was v e ry  s im ila r  t o  t h a t  re p o r te d  in  th e  p re v io u s  s e c t io n  fo r  
r a c e s  1 and 6 . Though no t s t a t i s t i c a l l y  s ig n i f ic a n t ,  th e re  was a s tro n g  
in d ic a t io n  th a t  same f a c to r  caused d is tu rb a n c e  in  th e  g e n e tic  beh av io r of
Table 11 -  Reaction of 78 Lines to  Race 1 and Race 2.
R eaction  to  
Race 1. m
R eaction  to  Race 2 
H HS T o ta ls
m 5 19 0 2ii
H 3 30 2 35
HS 0 li* 5 19 .
T o ta ls 8 63 7 78
HR ■ Homozygous r e s i s t a n t  l in e s  
H ■ Heterozygous l in e s  
HS " Homozygous s u s c e p tib le  l in e s
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th e  l in e s  to  r a c e s  1 and 2 .
By exam in ing  t h e  row s and colum ns in  T a b le  11 i n d i v i d u a l l y ,  i t  c an  
be se en  t h a t  u n u su a l f r e q u e n c ie s ,  w h ich  a re  d i f f i c u l t  t o  a c c o u n t f o r  try 
c h a n c e , o c c u r re d  among t h e  l i n e s  w h ich  w ere  hom ozygous r e s i s t a n t  o r homo­
zygous s u s c e p t ib l e  f o r  r e a c t i o n  t o  e ac h  o f  th e  r a c e s .  F o r ex am p le , among 
th e  8 l i n e s  homozygous r e s i s t a n t  t o  r a c e  2 , t h e r e  w ere  5 hom ozygous r e s i s t ­
a n t ,  3 h e te ro z y g o u s  and 0  hom ozygous s u s c e p t ib l e  in  t h e i r  r e a c t i o n  t o  
r a c e  1 . D e s p i te  th e  s m a ll  number o f  l i n e s  in v o lv e d ,  t h i s  i s  such  a  m arked 
d e v ia t i o n  fro m  th e  e x p e c te d  r a t i o  o f  1*2*1 t h a t  t h e r e  i s  c o n s id e r a b le
d o u b t i t  o c c u r re d  th ro u g h  c h a n c e .
H ow ever, a s  was t r u e  in  t h e  c a s e  o f  r e a c t i o n  t o  r a c e s  1 and  6 ,  t h e  
d e v ia t i o n s  in  T a b le  11 do n o t  fo rm  a  p a t t e r n  t h a t  i n d i c a t e s  any  c o n v e n t io n a l  
fo rm  o f  a s s o c i a t i o n  b e tw een  t h e  2 r a c e s  i n  r e a c t i o n .  I n  f a c t ,  t h e  c la s s e s  
o f  r e a c t i o n  i n  T a b le  11 t h a t  c o n ta in  m ore th a n  t h e  e x p e c te d  num ber o f  
l i n e s  a r e  a c t m l l y  new c o m b in a tio n s  and  t h e  c l a s s e s  t h a t  a r e  d e f i c i e n t  in  
n u n b er o f  l i n e s  r e p r e s e n t  p a r e n t a l  c o m b in a t io n s . C o n s e q u e n tly , t h e r e  d o es  
n o t  a p p e a r  t o  b e  an y  l o g i c a l  e x p la n a t io n ,  o th e r  th a n  c h a n c e , f o r  f a i l u r e  
o f  th e  d a ta  fro m  r a c e s  1 and  2 t o  a g re e  w i th  e x p e c te d  r e s u l t s  on t h e  b a s i s  
o f  in d e p e n d e n t s e g r e g a t io n ,  u n le s s  in  some u n a c c o u n ta b le  m anner t h e  d e v ia ­
t i o n s  a r e  c a u se d  b y  th e  f a c t  t h a t  t h e  p a r e n t s  r e p r e s e n te d  t h e  ja p o n ic a  and 
in d ic a  r a c e s  o f  c u l t i v a t e d  r i c e .
The s t r o n g  s i m i l a r i t i e s  fo u n d  b e tw ee n  b e h a v io r  t o  r a c e s  1 and  2 and  
t h a t  d e s c r ib e d  in  t h e  p re c e d in g  s e c t i o n  f o r  r a c e s  1 and  6 s h o u ld  b e  n o te d .
I n  e ac h  c a s e ,  r e s i s t a n c e  t o  t h e  2 r a c e s  in v o lv e d  w as d e r iv e d  fro m  s e p a r a t e  
p a r e n t s .  I n  b o th  e x a m p le s , t h e  p r o b a b i l i t y  o f  in d e p e n d e n t s e g r e g a t io n  f a r  
t h e  2 r a c e s  w as low bub n o t  q u i t e  low enough t o  b e  s i g n i f i c a n t .  I n  b o th ,  
a l th o u g h  p a r t s  o f  t h e  r e s u l t s  w ere  d i f f i c u l t  t o  a c c o u n t  f o r  b y  c h an c e  a lo n e ,
th e re  was no d i s t i n c t  p a t te r n  in  th e  d e v ia tio n s  from  independent se g re ­
g a tio n  which m ight in d ic a te  a g e n e tic  a s s o c ia t io n  in  r e a c t io n  to  th e  
ra c e s  in vo lved .
In  reg a rd  to  a  b reed ing  program to  o b ta in  r i c e  v a r i e t i e s  r e s i s t a n t  
t o  ra c e s  1 and 2, th e  r e s u l t s  in d ic a te  t h a t  t h i s  is  p o s s ib le .  A c tu a lly , 5 
l in e s  were ob ta in ed  which were r e s i s t a n t  to  bo th  r a c e s .  T h is number out o f 
th e  78 F^ l in e s  t e s te d  in d ic a te s  a h igh  frequency  fo r  th e  d e s ire d  combina­
t io n  and th a t  th e  maximum nunber of such l in e s  th a t  could  be expected  was 
a c tu a l ly  o b ta in ed .
The 5 l in e s  r e s i s t a n t  to  ra c e  1 and 2 were th e  l in e s  numbered 21, 
72, 01, 96 and 102 in  T ab les 5 and 9 . Among th e s e  only  th e  l in e s  nunber 
21 and 72 were a s  s tro n g ly  r e s i s t a n t  to  ra c e  1 as was th e  C olusa p a re n t .
A ll  of th e  5 l in e s  were a s  r e s i s t a n t  as N ira  to  ra c e  2 . T h is  su g g ests  
t h a t  th e re  may be a  s l i g h t  in flu e n c e  of minor or m odifying genes on degree 
o f r e s i s ta n c e  which may handicap  somewhat a b reed ing  program designed to  
o b ta in  a new v a r ie ty  t h a t  i s  as r e s i s t a n t  a s  C olusa t o  ra c e  1 and N ira  to  
ra c e  2 . A lso th e r e  was an in d ic a t io n  t h a t  th e  b reed er can s e le c t  th e  seed­
l in g s  in  e a r ly  g e n e ra tio n s  fo r  d i f f e r e n t  b l a s t  r a c e s .
C. A sso c ia tio n  of R eac tio n  between B la s t Races 2 and 6 .
The numbers of l in e s  which were homozygous r e s i s t a n t ,  h c te ro -  
sygous and homozygous s u s c e p tib le  to  each o f th e  r a c e s  2 and 6 a re  p re ­
sen ted  in  T able  12.
The X 4 t e s t  f a r  independence among th e  9 behav io r c la s s e s  in  T able 
12 showed a m odera te ly  h ig h  p r o b a b i l i ty ,  between .5 0  and . 1*0 , t h a t  se g re ­
g a tio n  fo r  r a c e s  2 and 6 was independen t. F u rtherm ore , in  view o f th e  
sm all nunber o f l in e s  in  many of th e  c la s s e s  th e r e  was no in d ic a t io n  in  
any of th e  rows or columns o f th e  ta b le  t h a t  any s p e c i f ic  groqp of l in e s  
d id  n o t fo llo w  independent se g re g a tio n  fo r  th e s e  2 r a c e s .  Thus, i t  appears
Tabic 12 -  Reaction of 70 F^ Lines to Race 2 and Race 6.
R eac tio n  to  
Race 2
R e ac tio n  to  Race 6 
H HS T o ta ls
m 2 2 k 8
H 13 35 15 63
HS 2 3 2 7
T o ta ls 17 Uo 21 78
}ft “ Homozygous r e s i s t a n t  l in e s  
H ■ H eterozygous l in e s  
HS ■ Homozygous s u s c e p tib le  l in e s
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t h a t  In  th e  C olusa  x  N ira  c ro s s  th e re  was independent se g re g a tio n  fo r  
r e a c t io n  to  r a c e s  2 and 6 . S ince  N ira  was r e s i s t a n t  t o  b o th  ra c e s  and 
C olusa was s u s c e p tib le  to  b o th , independent se g re g a tio n  f o r  r e a c t io n  to  
ra c e s  2 and 6 in d ic a te s  th a t  th e  gene (or genes) fo r  r e s i s ta n c e  t o  ra c e  
2 in  N ira  d i f f e r  from  th e  gene f o r  r e s i s ta n c e  to  ra c e  6 t h a t  a ls o  occu rs 
in  t h i s  v a r ie ty *
I t  i s  obvious from  th e  r e s u l t s  in  T able  12 t h a t  r e s i s ta n c e  to  
r a c e s  2 and 6 in  N ira  would n o t behave a s  a  s in g le  u n i t  in  a  b reed in g  p ro ­
gram. T h is , o f c o u rs e , would c o n s t i tu te  a  handicap  in  b reed ing  f o r  r e ­
s is ta n c e  to  th e  2 r a c e s  because th e  d e s ire d  c c o b in a tio n  of r e s i s ta n c e  to  
b o th  ra c e s  which i s  a lre a d y  p r e s e n t - in  N ira  w i l l  undergo se g re g a tio n  in  
c ro s se s  and s e le c t io n  w i l l  be n e ce ssa ry  to  reco v er i t  in  Fg and l a t e r  
g e n e ra tio n s .
I t  i s  p robab ly  s ig n i f ic a n t  th a t  in  th e  jap o n ica  -  in d ic a  h y b rid  
invo lv ing  th e  v a r i e t i e s  C olusa and N ira  se g re g a tio n  fo r  r e a c t io n  to  ra c e s  
2 and 6 was c le a r ly  independent w h ile  th e re  was some ev idence  of d is tu r b ­
ances in  se g re g a tio n  fo r  r e a c t io n  to  ra c e s  1 and 2 and 1 and 6 . Gne p a re n t ,  
N ira  was r e s i s t a n t  and th e  o ther p a re n t v.as s u s c e p tib le  to  b o th  r a c e s  2 
and 6 . C onsequen tly , th e  f a c t  th a t  th e  p a re n ts  re p re se n te d  th e  cy togene­
t i c a l l y  d i f f e r e n t i a t e d  ra c e s  Japon ica  and in d ic a  would n o t be expected  to  
a f f e c t  se g re g a tio n  fo r  r e a c t io n  to  r a c e s  2 and 6 . On th e  o th e r hand , r e ­
s is ta n c e  to  each ra c e  was d e riv ed  from  se p a ra te  p a re n ts  in  re s p e c t  t o  r e ­
a c t io n  to  r a c e s  1 and 2 and 1 and 6 . H ere, th e r e  would be  a g re a te r  
p o s s i b i l i t y  th a t  s e g re g a tio n  fo r  r e a c t io n  to  2 b l a s t  ra c e s  m ight be d i s ­
tu rb ed  by th e  d i f f e r e n t i a t i o n  betw een jap o n ica  and in d ic a .
SUMMARY
H ybrid m a te r ia l  from  a c ro s s  betw een C olusa ( a  ja p o n ica  ty p e )  and 
N ira  (an  in d ic a  ty p e )  was u t i l i z e d  in  a  s tu d y  of th e  in h e r i ta n c e  o f  r e ­
s i s ta n c e  to  each o f th e  U .S . b l a s t  r a c e s  1, 6 and 2 . The g e n e tic  s tu d ie s  
were made w ith  th e  p a r e n ts ,  and F ^ .
S ix  r i c e  v a r i e t i e s  o f Known r e a c t io n  to  th e  3 r a c e s  were inc luded  
a s  checks in  th e  g e n e tic  e x p e rim e n ts . F iv e  o l th e  6 v a r i e t i e s  behaved a s  
p re v io u s ly  re p o r te d  fo r  r e a c t io n  to  each r a c e .  The v a r i e ty  L acrosse  
showed an in c o n c lu s iv e  r e a c t io n  to  r a c e s  6 and 2 .
In  r e a c t io n  to  ra c e  1, th e  C o lusa  p a re n t  was r e s i s t a n t  and N ira  
was s u s c e p t ib le .  D ata from  351 F2 p la n t s  and 212 F^ l in e s  p ro v id ed  s tro n g  
ev idence  of s e g re g a tio n  fo r  one m ajor p a i r  o f genes c o n tr o l l in g  r e a c t io n  
t o  t h i s  r a c e .  I t  was concluded th a t  th e  r e s i s t a n c e  of C o lu sa  t o  r a c e  1 
i s  governed by a  s in g le  dom inant gene. However, th e r e  w ere in d ic a t io n s  
t h a t  e x p re ss io n  o f t h i s  gene was a f f e c te d  s l i g h t l y  fcy one or more minor or 
m odifying g e n es .
In  re g a rd  t o  ra c e  6 , C olusa was s u s c e p t ib le  and N ira  was r e s i s t a n t ,  
a  b e h av io r  e x a c t ly  o p p o s ite  t o  t h a t  found fo r  ra c e  1. R e s u l ts  o b ta in e d  
from  336 p la n t s  and 1$6 F^ l in e s  in d ic a te d  th a t  th e  p a re n ts  a l s o  d i f ­
fe re d  in  one m ajor gene fo r  r e a c t io n  t o  r a c e  6 , w ith  dominance fo r  r e s i s t ­
an ce . As f o r  r a c e  1, th e  deg ree  of e x p re ss io n  shown by th e  gene f o r  
r e s i s t a n c e  to  r a c e  6 from  N ira  appeared  to  be  in f lu e n c e d  somewhat by 
m odify ing  genes w ith  m inor e f f e c t s .
As e x p ec te d , C o lusa  was s u s c e p t ib le  and N ira  was r e s i s t a n t  t o  r a c e  2 .
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Due to  la te n e s s  o f th e  t e s t s ,  du ring  th e  l a t t e r  h a l f  o f  December, th e  Fg 
r e s u l t s  were in c o n c lu s iv e . The 103 F^ l in e s  t e s t e d  fo r  r e a c t io n  to  ra c e  
2 gave r e s u l t s  w ith  2 p o s s ib le  g e n e tic  e x p la n a tio n s :  (1 ) th e  p a re n ts  may
have d i f f e r e d  by one m ajor p a i r  o f genes w ith  dominance of r e s i s t a n c e  or 
(2 ) N ira  may have d i f f e r e d  from C olusa by 2 genes fo r  r e s i s t a n c e ,  one be ing  
dom inant and th e  o th e r  r e c e s s iv e .
Although X ^ fo r  independence of s e g re g a t io n  fo r  r e a c t io n  to  r a c e s  
1 and 6 was n o t s i g n i f i c a n t ,  th e  p r o b a b i l i ty  o f i t  b e ing  due to  chance 
approached ,05 c lo s e ly  and th e re  were s e v e ra l  l in e s  o f ev idence  su g g e s tin g  
t h a t  r e a c t io n  to  th e s e  r a c e s  d id  n o t undergo independent s e g re g a t io n . 
However, th e  d e v ia tio n s  observed cou ld  n o t be accoun ted  f o r  by a l l e i i s m ,  
lin k a g e  or any o th e r  c o n v e n tio n a l g e n e t ic  scheme. L ines homozygous r e ­
s i s t a n t  to  b o th  r a c e s ,  1 and 6 , o ccu rred  w ith  a  r e l a t i v e l y  h igh  freq u en cy  
and th e  r e s u l t s  showed t h a t  no d i f f i c u l t y  should  be encoun tered  in  com­
b in in g  r e s i s t a n c e  to  th e s e  r a c e s  in  a b reed in g  program .
B ehavior of r e a c t io n  among F^ l in e s  t o  r a c e s  1 and 2 was very  
s im ila r  to  th a t  f a r  r a c e s  1 and 6 and th e  same c o n c lu s io n s  were drawn.
R aces 2 and 6 w ere c l e a r l y  independent o f  one an o th e r in  se g reg a ­
t i o n  among F^ l i n e s .  I t  was obvious t h a t  s e p a ra te  genes in  N ira  c o n tr o l  
r e s i s t a n c e  to  th e s e  2 r a c e s .  T h is  f a c t  would c o n s t i t u t e  a  hand icap  in  a  
b ree d in g  program .
The r e s u l t s  in d ic a te  t h a t  i t  would be p o s s ib le  t o  combine r e s i s t ­
ance t o  a l l  3 r a c e s  o f  b l a s t  in  a  b reed in g  program  by c ro s s in g  C olusa and 
N ira . However, many o f  th e  homozygous r e s i s t a n t  l in e s  o b ta in ed  may n o t be 
a s  r e s i s t a n t  as th e  p a re n ts  due t o  m o d if ie r  g en es.
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